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CONFERENCE ON GASTRIC CANCER 


SATURDAY MORNING SESSION 


A conference on gastric cancer.was held November 11, 1944, under the 
auspices of the Committee on Cooperation in Cancer Research, National Advisory 
Cancer Council, United States Public Health Service, in the auditorium of the 
Memorial Hospital for the Treatment of Cancer and Allied Diseases, 444 East 
68th Street, New York City. Following is a list of those attending the conference : 


Abels, Dr. Jules C. (Memorial Hospital). 

Andervont, Dr. H. B. (National Cancer 
Institute). 

Brunschwig, Dr. 
Chicago). 

Burn, Dr. Caspar G. (Long Island College of 
Medicine). 

Dobriner, Dr. Konrad (Memorial Hospital). 

Donner, Mr. William H. (International Cancer 
Research Foundation). 

Dyer, Dr. Helen M. (National Cancer In- 
stitute). 

Figge, Dr. F. H. J. (University of Maryland 
School of Medicine). 

Gardner, Dr. W. U. (Yale University). 

Golden, Dr. Ross (Presbyterian Hospital, New 
York). 

Greene, Dr. H. 8S. N. (Rockefeller Institute for 
Medical Research). 

Harvey, Dr. Harold D. 
terian Medical Center). 

Hollander, Dr. Franklin (Mount Sinai Hos- 
pital, New York). 

Ivy, Dr. Andrew C. 
Sity). 

Jones, Dr. Donald F. (Connecticut Agricul- 
tural Experiment Station, New Haven). 
Kress, Dr. Louis (Division of Cancer Control, 

New York State Dept. of Health). 
Little, Dr. C. C. (Roscoe B. Jackson Memorial 
Laboratory ). 
Lorenz, Dr. Egon (National Cancer Institute). 
Lushbaugh, Dr. C. C. (University of Chicago). 
Meader, Dr. Ralph G. (Yale University). 
Meissner, Dr. W. A. (New England Deaconess 
Hospital). 


Alexander (University of 


(Columbia-Presby- 


(Northwestern Univer- 


Murphy, Dr. James B. (Rockefeller Institute 
for Medical Research). 

Pack, Dr. George T. (Memorial Hospital). 

Rhoads, Dr. C. P. (Director, Memorial Hos- 
pital). 

Schiff, Dr. Leon (University of Cincinnati). 

Schram, Dr. Mildred (International Cancer 
Research Foundation ). 

Singher, Dr. Heron O. (Memorial Hospital). 

Smith, Dr. George M. (Executive Director, 
National Advisory Cancer Council). 

Spencer, Dr. R. R. (Chief, National Cancer 
Institute). 

Stewart, Dr. Fred W. (Memorial Hospital). 

Stout, Dr. Arthur P. (Columbia University, 
Colleze of Physicians and Surgeons). 

Strong, Dr. Leonell C. (Yale University School 
of Medicine). 

Swenson, Dr. Paul C. 
College). 

Warren, Dr. Shields (New England Deaconess 
Hospital). 


(Jefferson Medical 


The first session was called to order at 
10:45 a. m., Dr. C. P. Rhoads, the direc- 
tor of Memorial Hospital, presiding. 

Chairman Rhoads. 1 am sure I need 
not tell you how much we appreciate the 
efforts all of you have made to come here 
at this particularly difficult time. The 
hospital is happy to have you here. We 
hope this is only the first of a series of 
profitable meetings. 

As you can see from your agenda, the 
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first paper is by Dr. Ivy. We are 
greatly pleased and excited to have 
aroused the interest of perhaps the out- 
standing physiologist in this problem of 
gastric cancer. It is a problem which 
has for a long time been puzzling and 


apparently has not been open to physio- 
logic attack. We hope that this pres- 
entation by Dr. Ivy represents the first 
of many studies which will be stimu- 
lated by this aroused interest on the 
part of the physiologists. 








GASTRIC PHYSIOLOGY IN RELATION TO GASTRIC CA 


By A. 


NCER 


C. Ivy, Nathan Smith Davis Professor of Physiology, Northwestern University 


Medical School, Chicago 


INTRODUCTION 


There are at least two reasons why it 
is pertinent to consider the relation of 
gastric physiology to gastric cancer: 
(1) It is established that the incidence 
of cancer of the breast and uterus is 
rel: ited to their functional activity. By 
analogy, the same may obtain for the 
stomach. (2) Irritation of the nipple, 
mastitis, benign tumor of the bre ast, and 
erosion of the cervix uteri attract atten- 
tion in part because they may predispose 
to cancer of the respective tissues. Simi- 
larly, some clinicians and pathologists 
have presented evidence indicating that 
chronic gastritis and gastric ulcer may 
predispose to gastric cancer. These gas- 
tric abnormalities are probably related 
to disturbances in gastric physiology. 
If they are related to gastric cancer, the 
question of their etiology assumes 
greater significance. For example, if 
chronic gastritis is etiologically related 
to gastric cancer, What is the cause and 
prevention of chronic gastritis? As in 
the case of the breast and uterus, nothing 
practical can be done to eliminate the 
functional activity of the stomach. 
Howewer. it is possible to asc ertain those 
factors which irritate and impair and 
those which support and protect the 
gastric mucosa. Such knowledge should 
be applicable clinically, even in the in- 
stance it should be found that suscepti- 
bility to gastric cancer is hereditary. 

What aspects of the problem of gas- 
tric cancer most urgently require explo- 
ration and application in order to re- 
duce the mortality’ In what direction 
should our knowledge of gastric physi- 
ology be extended in order to contribute 
most to the problem? It is appropriate 
to raise and to attempt to answer these 
questions in order to direct research ef- 
forts. Though no one possesses the wis- 
dom to provide definitive answers to 
these questions, certain points are 
worthy of consideration. 

Recent observations indicate that the 
propaganda for the early diagnosis and 


surgery for cancer of the uterus, breast, 
and skin has or will have a favorable in- 
fluence on the mortality from cancer of 
these organs. The data recently pub- 
lished by Livingston and Pack (7) and 
by Walters, Gray, and Priestly (2) on 
gastric cancer show clearly the impor- 
tance of early diagnosis and resection. 
Their data indicate that propaganda di- 
rected to the profession as well as to the 
laity should yield significant results. 
The fact that necropsy data show that 
over 20 percent of persons dying of can- 
cer of the stomach have a lesion still 
confined “to the stomach and immedi- 
ately adjacent nodes” (7) is challeng- 
ing. It shows that an educational pro- 
gram will be in order until the existing 
percentage is significantly reduced. 

An educational program should ma- 
terially reduce the mortality rate from 
cancer of the skin, breast, and other ex- 
ternal tissues. But such a program may 
not obtain for gastric cancer. It is 
relatively easy to persuade a person 
who has a visible or a palpable lesion or 
tumor to be examined by a physician; 
it is not so easy to persuade one who is 
devoid of dyspeptic symptoms to be 
examined. This is important because, 
according to some clinical observations 
(3), a gastric cancer has extended be- 
yond the stomach in probably 50 percent 
of the cases before pain and repeated 
vomiting occur, the common dys peptic 
symptoms which cause a person to con- 
sult a physician. It will be difficult for 
even a vigorous and persistent educa- 
tional program over a period of years to 
counteract the almost innate tendency 
of people to treat and palliate their 
minor digestive complaints. For ex- 
ample, witness the current tremendous 
sales of laxatives and vitamins, which 
mean self-diagnosis and treatment. In 
this connection, the observation of St. 
John, Swenson, and Harvey (4) is im- 
portant. They found unsuspected gas- 
tric cancer fluoroscopically in 3 of 2413 
persons above the age of 50. This 
should fortify any educational and ean- 
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cer-detection program. But to examine 
all the population above 40 years of age 
roentgenographically even once a year 
is a tremendous task. Regardless of 
the educational program for periodic 
health examinations, only a small per- 
cent of our population have been per- 
suaded to have such examinations made. 
In fact, I have wondered how many 
cancer investigators, surgeons, and phy- 
sicians past 40, who know the facts, have 
had their stomachs examined and plan 
to do so every 3to6 months. Further, 
what percent of “early” gastric cancers 
can be diagnosed roentgenographically 
before they have metastasized is an open 
question. 

This discussion is not intended to de- 
tract from the importance and urgency 
of an even more intensive educational 
and cancer-detection program. It is 
only intended to point out, as has been 
done by others, certain practical con- 
siderations which indicate that in at- 
tacking the problem of gastric cancer, 
basic research should not be neglected. 
If J interpret our present information 
correctly, our only hope for the approx- 
imate solution of the gastrict-cancer 
problem lies in the field of prevention 
and cure, or more likely, the liquefac- 
tion and inhibition of the growth of 
cancer (9). In this connection, the im- 
portant achievement of Strong and his 
associates (6) is very promising. By 
producing a strain of mice that develop 
gastric cancer, they have provided a tool 
by which inhibitory or curative sub- 
stances may be studied. A study of the 
biochemistry and the histophysiology of 
the gastric cells of these mice may pro- 
vide important clues. 

The following review of the litera- 
ture indicates that research in gastric 
physiology, according to current knowl- 
edge, has most to offer in the field of 
the prevention of cancer. It indicates 
further that certain types of clinical in- 
vestigation should be encouraged and 
intensified. However, it may be noted 
that most of our current knowledge of 
gastric physiology is not immediately 
applicable to the problem of prevention 
because it pertains to motor activity and 
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the secretion of hydrochloric acid and 
pepsin. Relatively little attention (7) 
has been devoted to a study of the 
mucous cells and mucous secretion, a 
study which is pertinent to the problem 
of the relation of gastric cancer to 
chronic gastritis and gastric ulcer. 


SECRETION OF GASTRIC MUCUS 
SIGNIFICANCE 

Knowledge regarding mucous cells 
and secretion is important for the fol- 
lowing reasons: Some of the cells of the 
large majority of gastric cancers. as well 
as cancers of certain other organs, con- 
tain mucin; apparently in some in- 
stances they secrete mucus or a mucoid 
substance into alveoli or encysted ducts 
(8). The cells of gastric adenomas. 
which may undergo carcinomatous 
transformation, contain and apparently 
secrete mucus. Florey (9%) has found 
that cultures of chick gastric and intes- 
tinal mucosa form mucus. Genetic sus- 
ceptibility and chronic irritation or 
stimulation in some tissues predispose to 
cancer, and the sole functions of mucus, 
according to present knowledge. are 
protection and lubrication. (Gastric 
mucus neutralizes and buffers acid to 
some extent.) A normal secretion of 
mucus may serve as a barrier to the pas- 
sage of orally ingested carcinogens into 
the cells of the gastric mucosa. Finally, 
it seems to be established that carbo- 
hydrate metabolism is disturbed in neo- 
plastic tissue (5). Mucoproteins are 
found in mucus, connective tissue, and 
the skin. It is well known that the 
prosthetic group of this class of com- 
pounds is carbohydrate in character. 
he implications of these last state- 
ments are, of course, conjectural (5. 10, 
11). It is appropriate, then, to refer 
briefly to the problems of gastric mucous 
secretion. 

PHYSIOLOGY 

The literature on the physiology of 
the secretion of gastric mucus has re- 
cently been reviewed by Babkin (7). 
The results of an experiment illustrat- 
ing the effect of acid and massage on 
the pyloric mucosa are cited herein. 
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The application of N/10 hydrochloric 
acid or gastric juice to the mucosa of a 
pyloric pouch increases the secretion of 
mucus’ (72, 73). At first the mucus 
is rather thick; later it becomes less 
viscous, and the mucosa hyperemic and 
congested. If the mucosa is massaged 
with cotton soaked with N/10 hydro- 
chlorie acid, the less viscous fluid be- 
comes tinged with blood, although a 
visible excoriation may not be seen. The 
bleeding occurs only after the visible 
mucus has been removed and is confined 
chiefly to the resette or exteriorized 
portion of the pouch. If gastric juice of 
the same total but lower free acidity is 
used, bleeding occurs only after pro- 
longed application (1-2 hours) and 
then only in the exteriorized portion of 
the pouch? (72). 

When a 5-percent emulsion of clove 
oil is applied to the gastric mucosa, the 
secretion of mucus is increased. Mucus 
formed in response to this irritant con- 
tains ranks of desquamated mucous 
cells (7). 


HISTOPHYSIOLOGY 


The histophysiologic studies of Florey 
and his associates (14, 15), show that 
when N10 hydrochloric acid or mus- 
tard oil-olive oil mixture is applied to 
the gastric mucosa of the eat, the sur- 
face epithelium shows little evidence of 
secretion. The pyloric glands show 
good evidence of secretion when a stimu- 
lus of the same strength has no such 
effect on the neck cells of the corpus. 
In the rat the pyloric glands are largely 
exhausted of mucus after 4 hours of 
perfusion with N/20 hydrochloric acid, 
and mitoses are frequent. 

Information on the amount of irri- 
tation required to exhaust the mucous 
cells in the various parts of the stomach 
of the monkey should yield information 
of value to the problem of gastritis in 
man. Popoff’s description (6) of the 
histophysiology and cytomorphosis of 
the goblet cell in the colon is enlighten- 
ing. He describes a normal secretory 
cycle, a rejuvenation and a regeneration 
cycle, and regeneration with hyper- 


22 Ivy, A. C.: Unpublished observations. 
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plasia and neoplasia. An analogous 
study on the stomach has not been re- 
ported, according to my search of the 
literature (77, 18). 


AMOUNT OF MUCUS SECRETED UNDER 
DIFFERENT CONDITIONS 

We know practically nothing regard- 
ing the amount of mucus normally pro- 
duced by the entire stomach, and the 
relation of histologic changes in the mu- 
cosa to the amount and character of the 
mucus produced. Clinical impressions 
and the observations of gastroscopists 
(79) indicate that mucous secretion is 
increased in certain cases of superficial 
gastritis and decreased in atrophic and 


_hypertrophic gastritis. Anderson and 


Fogelson (20) have studied the concen- 
tration of mucin in gastric secretion. 
They introduced 240 ec. of 7 percent al- 
cohol into the stomachs of normal sub- 
jects, and of patients with active duode- 
nal ulcer, healed duodenal ulcer, and 
achlorhydria. They withdrew samples 
every 15 minutes for the determination 
of mucin and acid concentration. It was 
found on the average that patients with 
active duodenal ulcer have a relative 
mucin deficiency as compared with nor- 
mal subjects and those with achlorhy- 
dria and healed duodenal ulcer. That 
is, When the patient with duodenal ulcer 
is diagnosed as healed, the hypersecre- 
tion of acid is corrected, and the quan- 
tity of mucin per cubic centimeter of 
gastric contents is normal. Some data 
on the absolute output of mucin in man 
in response to histamine are available, 
but there are none on the mucin output 
in response to irritants such as alcohol 
(21). 
COMMENT 


If an irritant predisposes to gastric 
cancer, it is probably not the acid of 
gastric juice because clinically it has 
been reported that patients with duode- 
nal ulcer rarely develop gastric cancer 
(3). This clinical observation should 
be studied carefully. If true, it is im- 
portant from the viewpoint of prog- 
nosis. It has a direct relation to the 
evidence cited herein which indicates 
that the incidence of gastric cancer is 
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greater in patients with pernicious ane- 
mia and premature achlorhydria than in 
the general population. 


GASTRIC MUCUS AS A BARRIER TO 
CARCINOGENS AND IRRITANTS 
AS A BARRIER TO THE EXPERIMENTAL PRO- 
DUCTION OF ADENOCARCINOMA OF THE 
STOMACH WITH AN ORALLY ADMINIS- 
TERED CARCINOGEN 
Stewart and Lorenz found that gas- 
tric cancer can be produced by injecting 
certain carcinogenic agents into the 
glandular portion of the stomach of 
mice (22). When carcinogens are given 
orally, cancers of the intestine and of 
the squamous, but not the glandular por- 
tion of the stomach occur (6). As Hol- 
lander (23, pp. 507-508; 24) and Van 
Prohaska and others (25) pointed out, 
these observations can be explained by 
the fact that the glandular portion is 
normally covered with mucus through- 
out its surface, which is not true of the 
esophagus and intestine. This evidence 
indicates, in view of the low incidence of 
intestinal cancer in man, that exogenous 
carcinogens are not of importance in 
man unless the mucous barrier in the 
stomach is destroyed, and the gastric 
mucosa is more susceptible than the in- 
testinal (Oughterson (23, p. 504)). 
There are two other barriers which 
deserve mention: (1) Some substances 
diffuse very slowly through mucus. 
Hydrochloric acid and_ particularly 
pepsin * and some dyes diffuse slowly 
through mucus and from the lumen of 
the stomach into the mucous cells of the 
surface epithelium, which extend to the 
neck region of the gastric glands. (2) 
When solutions of dyes are applied to 
the surface of the stomach even under 
pressure, the staining of the epithelium 
does not extend beyond the foveolae 
(26). 


IMPAIRMENT OF THE MUCOUS BARRIER 
BILE 
I have observed in pigs, dogs, and man 
that the pyloric mucosa and in some in- 
stances the mucosa along the lesser cur- 


3 WHITLOW, J. E.: Master's thesis, Loyola Univ., 
on file with A. C. Ivy, Northwestern Univ., Chicago. 


vature may be stained yellow with bile 
pigment when bile is present in the gas- 
tric contents. It may be that bile salts, 
because of their effect on surface tension, 
increase the diffusibility of bile pig- 
ment. It would be interesting to give 
methylcholanthrene in bile orally to 
mice. 

Bile is frequently found in the stom- 
ach of fasting people (in 50 percent of 
the cases in my experience). It is known 
that bile in the intestine stimulates mo- 
tility and stimulates the secretion of 
gastric juice slightly; the effect of bile 
on mucous secretion has not been deter- 
mined, so far as I can find. 

Whether the drainage of bile into the 
stomach by a _ cholecystogastrostomy 
causes gastritis has not been studied 
carefully. In our work on choledocho- 
gastrostomy in dogs living for 7 to 21 
months, definite gastritis was not ob- 
served although a histologic study was 
not made (27). When we (28) reviewed 
the literature several years ago, we 
found no special reference to gastritis 
or gastric lesions following cholecysto- 
gastrostomy. 

The effect of bile on mucous secretion 
and on the histophysiology and mor- 
phology of mucous cells should be 
studied because bile acid is so closely 
related chemically to methylcholan- 
threne. Why gastric or duodenal ulcer 
occurs so frequently in dogs with bile 
fistulas and in dogs with hepatitis has 
not been adequately explained (27). 
Since cancer has been produced in mice 
by the injection of extracts of the liver 
and bile from human sources, it would 
seem desirable to compare extracts made 
from the livers of young persons and old 
persons (5). 


OTHER PROCEDURES 


The mucous barrier to carcinogen 
might be destroyed by the production 
of an acute ulcer by excision. In acute 
superficial ulcers and hemorrhagic ero- 
sions, the neck cells, which are highly 
proliferative and possess several mor- 
phologice potencies, could be affected by 
orally administered carcinogens. The 
mucous barrier may be reduced by de- 
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ficient diets, but the effect of such diets 
on mucous secretion has not been 
studied. Several years ago we tried in 

rain to decrease the formation of gastric 
mucus by the administration of borneol 
and menthol, which are conjugated with 
glycuronic acid. Glycuronic acid, a 
portion of the mucin molecule, is easily 
produced by the dog. The repeated pro- 
duction of subacute gastritis may ex- 
haust the mucous cells and also expose 
the neck cells to orally administered 
carcinogen. 


CHRONIC GASTRITIS IN RELATION TO 
GASTRIC CANCER 


CLINICAL AND PATHOLOGIC EVIDENCE 
EQUIVOCAL 

Chronic irritation or stimulation with 
or without an established genetic sus- 
ceptibility is known to cause cancer in 
certain tissues other than the stomach. 
Hence, it is reasonable to assume that 
chronic irritation of the stomach, which 
is presumed to cause chronic gastritis, 
predisposes to gastric carcinoma. 

The equivocal evidence now available 
(29, 30,31) and the extensive literature 
on the subject are provocative. Only 
certain observations are referred to in 
this paper. 

Rhoads (32), and more recently Cox 
(33), Doehring and Eusterman (34), 
and Rigler * have presented data which 
suggest that gastric cancer occurs more 
frequently in patients with pernicious 
anemia than in the general population. 
In this disease, an irreversible atrophic 
gastritis is characteristically found. 
These authors agree that the present 
evidence is inadequate to prove a direct 
relation between the. two diseases. 
However, this group of patients, be- 
cause they require continuous therapy, 
provides an excellent opportunity to de- 
termine the relation of chronic gastritis 
and heredity to the genesis of gastric 

‘ancer. Pernicious anemia and perhaps 
combined lateral sclerosis of the spinal 
cord are the only diseases in which 
achlorhydria and generalized atrophic 


SE 


*RIGLER, Leo: Exhibit at the meeting of the 
American Medical Association, June 1944. 


gastritis occur apparently spontane- 
ously ; and in these diseases a genetic 
factor is suspect (35, 36). This recalls 
the suggestion of Strong, Collins, and 
Durand (6), when they observed gastric 
cancer in mice after the subcutaneous in- 
jection of a carcinogen. They stated 
that “the ageing process, as applied to 

‘ancer susceptibility, should be applied 
to specific cell types just as much as it 
is applied to the organism as a whole.” 

Dietary irritants in relation to gas- 
tritis and gastric cancer have been sus- 
pected (31). Cramer (37) has ob- 
served that the total cancer rate is the 
same in Holland and England, though 
the rate of cancer of the stomach in Hol- 

land is approximately twice as great as 
in England. A subsequent study by 
Lintott (38) and Herbert and Bruske 
(39) indicated that the Dutch patients 
consume more roughage, hotter food, 
more spices, spirits, and tobacco and 
have more oral sepsis than the English. 
Bonné and Sandground (40) found a 
striking difference in the incidence of 
gastric ¢ rancer between the Malays and 
Chinese living in Java. However, they 
were unable to obtain substantial evi- 
dence for the cause of the difference. 

Beazell and I (47) a ng reviewed 
the literature on the relation of alcohol 
to gastritis and cancer. We found no 
reason to doubt that if alcohol is in- 
gested in sufficient concentration for a 
sufficient period, it will produce, cue 
with the frequently associated dietary 
deficiency, chronic gastritis (42, 43,44). 
but there is no good evidence showing 
that gastric cancer occurs more fre- 
quently in chronic alcoholics than in the 
general population. The literature on 
tobacco (45) and condiments is also in- 
decisive in regard to the etiology of 
gastritis and gastric cancer. 

Can this controversial question of 
diets ary irritants in relation to the gene- 
sis of gastric cancer be settled ? Would 
it not be a worthy experiment, if co- 
operation could be obtained, to take a 
village, as in Norway, in which 84 per- 
cent of the cancer deaths are from gas- 
tric cancer, examine the people, and 
place them on an adequate but nonirri- 
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tating diet (perhaps that of the Malays) 
for a period of 10 years ¢ 

Whether gastric cancer ever occurs . 
the absence of chronic gast ritis and, 
so, how air ‘ntly is an open aie. 
Schindler (46. p. 157) cited some statis- 
tics which suggest that gastric cancer is 
three times more common in patients 
with chronic gastritis. On the other 
hand, Guiss and Stewart (47) found 
atrophic changes in the stomach of sub- 
jects above the age of 40, 82 percent 
of whom were apparently normal other- 
wise. If atrophic changes occur in 82 
percent of people without cancer after 
the age of 40, it will be very difficult to 
prove that atrophic gastritis predis- 
poses to cancer. unless there is crucial 
supporting evidence from animal or 
human experimentation. 

The question of the relation of gas- 
tritis to gastric cancer will remain open, 
in my opinion, until the following evi- 
dence becomes available: (1) The pro- 
duction of gastric cancer in a series of 
animals previously afflicted with gas- 
tritis by the oral administration of a 
carcinogen known to be present in the 
food of man; (2) the production of gas- 
tric cancer in a series of animals by the 
use of a combination of irritants present 
in the diet of man which have been 
shown to provoke gastr itis: (3) the pro- 
duction of gastritis with a carcinogen 
which does not cause gastritis but is 
known to be present in the diet of man; 
(4) the submission of unequivocal sta- 
tistical evidence showing that gastritis 
is an antecedent of gastric canter more 
frequently than is the case i patients 
without gastritis; and (5) the demon- 
stration of a reduction in the incidence 
of gastric cancer in a population by re- 
moving irritants from the diet or other 
possible causes of chronic gastritis. 
Early diagnosis will be required in this 
instance because gastric cancer may 
cause gastritis. 

Chronic gastritis may be found not to 
predispose to gastric cancer. Neverthe- 
less, we should know much more than 
we do regarding the etiology of chronic 
gastritis. 


EXPERIMENTAL PRODUCTION OF CHRONIC 
GASTRITIS 

Thomsen (48) is apparently the only 
investigator who has produced an atro- 
phic gastritis experimentally by using a 
dietary irritant. He administered 100 
ce, of 50 or 95 percent alcohol two or 
three times weekly toa dog overa period 
of 8 months when he found chronic gas- 
tritis by biopsy. During the next 8 
months without alcohol, the animal be- 
came debilitated and died. At necropsy 
an atrophic gastritis was found, 

Acute gastritis is easily produced by 
a variety of agents, but most of them 
are systemically toxic. Hot water 
(96°—60 C.) and hydrogen peroxide 
(100 ce. of 3-percent solution perfused 
through a gastric pouch) per se have no 
systemic toxicity. But when acute gas- 
tritis is produced and maintained by 
these agents, the animals cease eating 
and succumb to an intercurrent infec- 
tion? (44%. 50). The exposure of the 
stomach to X-rays produces a subacute 
or acute gastritis, depending on the dose 
(51~4). My attempts to produce 
chronic gastritis with hot water and al- 
cohol during a period of 4 months indi- 
cate that the exposure to an irritant 
must be prolonged. In addition, the 
irritant should be given either daily in 
dloses only adequate to produce subacute 
gastritis or intermittently in doses that 
cause acute gastritis. as in Thomsen’s 
experiment. In such experiments the 
age of the animal should be considered. 
Old animals may be more susceptible. 
USE OF GASTRIC POUCHES AND PATCHES IN 

EXPERIMENTAL STUDY OF GASTRITIS 

Information on the effect of repeated 
application of irritants on the histo- 
physiology and pathology of mucous 
cells could be obtained by using pyloric 
or lesser-curvature gastric pouches in 
the dog or monkey. Some pouches, un- 
less prolapse occurs, have a normal mu- 
cosa histologically for at least 4 years. 
except in the region of the rosette of 
the pouch. If the pouch prolapses, the 


5 OrnvorFr, J. R., 
observations. 


and Ivy, A. C.: Unpublished 
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mucosa in some instances manifests 
atrophic changes.° The mucosa of the 
corpus of the stomach, when placed as a 
patch in the abdominal wall, undergoes 
pseudopyloric transformation. Peptic 
and parietal cells are replaced by mucous 
cells (14, 15, 55). This is the type of 
change that is seen in atrophic gastritis 
and in the region of some gastric ulcers 
= cancers and of gastroenterostomies 
I6, 57 ’), 


ATTEMPT TO PRODUCE CANCER IN PYLORIC 
PoUcH OF DoG 

Dr. J. Ettinger, in our laboratory, has 
attempted to produce tumors of the py- 
lorus in two dogs of a breed in which 
there is a high incidence of carcinoma of 
the breast. 20-Methylcholanthrene was 
used. The animals were sent to us by 
Dr. W. B. 8S. Thomas, of Dover-Fox- 
croft, Maine, in the fall of 1942. 

A pouch of the pyloric antrum was 
made in both dogs. One of them 
(Trilby of Tuse awilla) had the fourth 
breast removed for cancer which was 
proved microscopically. This animal 
had been bred several times. The 
other, a younger and male dog about 1 
year old, was sired by a male whose 
mother had a cancer of the breast, was 
born to a female with cancer of the 
breast, and was nursed ‘fe three cancer- 
strain females. 

In both animals, after the visible 
mucus was removed from the surface of 
the pouch, 10-20 mg. of methylcholan- 
threne in acetone was applied with a 
cotton pledget daily for 8 months. Dur- 
ing this period, 500 mg. of the chemical 
in acetone was injected into the sub- 
mucosa three times at 2-month inter- 
vals. The first animal died of pneu- 
monia 1 year after the treatments, with- 
out evidence of cancer or precancerous 
changes. The other dog is now alive 2 
years after the beginning of the treat- 
ments. He is healthy. and the pouch is 
normal. 

RELATION OF LOCATION OF GASTRIC CAN- 
CER TO CHRONIC IRRITATION 

The majority of gastric cancers and 
gastric ulcers are located in the same 

®Ivy, A. C.: Unpublished observations. 
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general regions of the stomach, namely, 
along the lesser curvature and the py- 
loric antrum. There is some difference, 
however. About two-thirds of the gas- 
tric cancers originate in the pyloric an- 
trum, whereas most gastric ulcers occur 
along the lesser curvature (37, 58). 
Mechanical and chemical irritation 
centribute to the chronicity of gastric 
ulcer. Chronic irritation is certainly a 
factor in the genesis of some cancers. 
It is appropriate, then, to enumerate 
the reasons offered to explain why gas- 
tric ulcer occurs chiefly along the lesser 
curvature: (1) The mucosa of the les- 
ser curvature and the pyloric antrum 
is more adherent to the muscularis. 
This increases its vulnerability to me- 
chanical trauma. Mechanical trauma 
is more likely to occur in the pyloric 
portion of the stomach because it man- 
ifests more vigorous peristalsis. (2) 
The mucosa of the lesser curvature is 
thinner than that found elsewhere. (3) 
Patches of intestinal glands are more 
often found along the lesser curvature 
(09). Their presence increases its vul- 
nerability because intestinal mucosa is 
less resistant to irritation. (4) The 
blood supply to the mucosa of the lesser 
curvature and the pyloric antrum is said 
to be less abundant than it is elsewhere 
in the stomach. This condition, plus 
the tugging of peristalsis on the vessels. 
which promotes venous stasis, decreases 
the blood supply and tends to delay 
healing. (5) The extrinsic and in- 
trinsic nerve supply to the lesser curva- 
ture and pyloric antrum is greater: this 
fact may mean that the blood vessels 
are more subject to nervous angiospasm. 
(6) Irritant fluids follow the lesser 
curvature to the incisura and then pass 
to the pylorus and the antrum. Cor- 
rosive poisons injure the first few inches 
of the lesser curvature and the pyloric 
antrum chiefly when swallowed with 
food in the stomach. Although strong 
alkaline solutions severely injure the 
esophagus and the pyloric antrum, 
strong acid solutions injure chiefly the 
distal portion of the pyloric antrum. 
Thus, the most common sequel to the 
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ingestion of strong acid is cicatricial 
py ‘loric stenosis (60, G1). 

It would appear that the triturating 
action of the pyloric portion of the 
stomach would subject the antrum to 
the greatest mechanical irritation (60) 
and that ingested chemical irritants 
would affect chiefly the proximal por- 
tion of the lesser curvature and the 
pyloric antrum. 


HEALING OF GASTRIC ULCER WITH 
ADENOMATOUS OVERGROWTH 


I introduce this topic because some 
believe that gastric cancer may arise 
from gastric polyps and because we 
have frequently observed the healing 
of gastric ulcer in the rabbit to be as- 
sociated with adenomatous overgrowth. 

Hauser (37, p. 509) presented evi- 
dence indicating that carcinomatous 
transformation of a gastric polyp may 
occur in man. He presented a speci- 
men of a gastric ulcer with polypoid 
outgrowths from its edge, with sup- 
posed secondary carcinomatous trans- 
formation. 

We have produced gastric ulcers by 
various local, traumatic methods in 
practically every laboratory animal ex- 
cept the mouse. The only animal in 
which the mucosal defect heals by ade- 
nomatous overgrowth regularly is the 
rabbit, provided a rough diet is fed. 
This is true whether the ulcer is pro- 
duced by excision and injection of pyro- 
gallic acid (62), by excision and the im- 
plantation of a foreign body (62), by a 
local allergic reaction (64). or by bilat- 
eral vagotomy (65). I observed in one 
instance, like Futterer (62) and Haga 
(66), the presence of a typical growth 
and invasion of the muscularis by gland- 
ular tissue, but never metastasis, as re- 
ported by Hemmeter (67, 68) in a dog, 
but he presented no photographs. UI- 
cer in the dog, even in the exteriorized 
pyloric pouch, heals without adenoma. 
In fact, I have seen only atrophic or 
normal mucosa after healing. Good- 
pasture (69) and I (70) have reported 
the occasional occurrence of gastric 
polyps in old dogs. 


Thus, in the rabbit it is conceivable 
that the administration of a carcinogen 
during and after the healing of a gas- 
trie ulcer may induce an adenocar- 
cinoma. 


ACHLORHYDRIA IN GASTRIC CANCER 


It is certain that generalized chronic 
gastritis is associated with achlorhydria 
or hypochlorhydria. Hence the rela- 
tion of achlorhydria to gastrie cancer 
is closely related to the question of the 
relation of chronic gastritis to gastric 

cancer. 

In interpreting the results of gastric 
analysis, several facts must be consid- 
ered. Achlorhydria or hypochlorhydria 
may occur as the result of a vitamin B- 
complex deficiency (77,72) ; in monkeys 
they may occur in the absence of gas- 
tritis and a vitamin deficiency (73). 
The results of studies of the gastric his- 
tology and various test meals in man do 
not show a good correlation between the 
types of gastritis present and the extent 
of acid secretion, except in well- ad- 
vanced cases of chronic gastritis (46, 47, 
74-77). About 35 percent of the people 
above the age of 60 have stomachs which 
do not secrete acid in response to an 
Ewald meal, and 28 percent have stom- 
achs which do not respond to histamine 
(78). Atrophic changes in the mucosa 
of the stomach have been found in 8&2 
percent of persons past 40 who have ap- 
parently normal stomachs otherwise 


(47). 


ACHLORHYDRIA AND CANCER IN 
PERNICIOUS ANEMIA 

The achlorhydria of pernicious ane- 
mia is of interest in relation to the 
problem of gastric cancer for several 
reasons. The achlorhydria is associated 
with an irreversible gastritis? (32-34), 
both of which are known to antedate the 
blood changes by 1 or more years (35 5, 
36). The incidence of ac hlorhydria is 
high in the members of families with 
pernicious anemia (35, 36). And the 
incidence of gastric cancer appears to be 
higher in those with pernicious anemia 
than in the general population. An 


7 RIGLER, L.: See footnote 4. 
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atrophic enteritis is frequently associ- 
ated with pernicious anemia, although 
there is no evidence of an increased inci- 
dence of intestinal cancer. These obser- 
vations indicate a familial tendency to 
premature atrophy of the gastric mucosa 
which renders the gastric mucosa more 
susceptible to ins sult and to the develop- 
ment of gastric cancer. If it is estab- 
lished that persons with pernicious 
anemia are more suscept ple to cancer, it 
will be difficult to separate a hereditary 
susceptibility to gastric cancer from a 
hereditary susceptibility of the gastric 
mucosa to irritation or premature : aging. 
The presence of achlorhydria without 
pernicious anemia is explained by as- 
suming that an adequate amount of the 
intrinsic factor of Castle is formed by 
the gastric and intestinal mucosa of such 
patients. Hence, a familial achlorhy- 
dria in a family with a high incidence of 
pernicious anemia may be associated 
with a familial susceptibility to gastric 
cancer, 


ACHLORHYDRIA AND CANCER UNASSOCI- 
ATED WITH PERNICIOUS ANEMIA 


There is suggestive evidence which in- 
dicates that achlorhydria may antedate 
gastric cancer by several years in pa- 
tients who do not manifest pernicious 
anemia. Comfort and his colleagues 
(30) had 79 patients with gastric can- 
cer to whom they had previously given 
atest meal. They found that on an aver- 
age of 6 years before the diagnosis, the 
incidence of achlorhydria was 22 percent 
greater “than that expected for a group 
of persons of the same age and sex. 
This is an important observation, but it 
does not prove, as the authors recog- 
nized, that persons with premature 
achlorhydria and without pernicious 
anemia are more susceptible to cancer 
than is the general population for 2 
reasons: (1) “With a group of 79 sub- 
jects the statistical significance of the 
difference of 22 percent may be ques- 
tioned; and (2) it provides no informa- 
tion regarding how many with prema- 
ture achlorhydria do not develop cancer. 
It would be important to ascertain 


whether persons with premature achlor- 
hydria with or without pernicious ane- 
mia develop gastric cancer significantly 
more frequently or earlier than do those 
without premature achlorhydria. 

In view of the evidence on pernicious 
anemia and the suggestive evidence of 
Comfort and his colleagues, should not 
persons with achlorhydri ia, with or 
without gastroscopically diagnosed gas- 
tritis, be advised to consume a diet de- 
void of mechanical, thermal, and chemi- 
cal irritants? I know of no evidence 
which shows that a hypochlorhydria is 
converted into an achlorhydria more 
rapidly if dietary irritants are present 
than if they are avoided. 


RELATION OF ACHLORHYDRIA TO 
GASTRIC CANCER 


The following etiologic analysis of 
the relation of achlorhydria to gastric 

‘ancer attempts to summarize the views 
expressed in the literature: (1) The 
presence or deficiency of ex ogenous 
dietary factors causes gastritis, achlor- 
hydria, or hypochlorhydria. The gas- 
tritis operates to cause atypical or neo- 
plastic growth. If chronic gastritis 
causes a decrease in mucous secretion, 
the stomach is less protected from exoge- 
nous irritants. (2) Some persons in- 
herit a ema gastric mucosa which 
atrophies prematurely in regard to se- 
cretion of acid and mucus, and such 
mucosa is more vulnerable to exogenous 
irritants and dietary deficiency. (3) 
Some persons inherit both a subnormal 
gastric secretory (acid and mucus) mu- 
cosa and one that is susceptible to car- 
cinomatous transformation. (4) In the 
early cases of gastric cancer in which 
gastritis is present only about the can- 
cer, and acid secretion occurs, either the 
initial gastritis must have been localized 
or the ¢ 9 was not the result of gas- 
tritis. (5) Achlorhydria is due to some 
pat noxious agent which causes 
atrophy of the gastric mucosa and sus- 
ceptibility to exogenous irritants. A 
noxious agent has been suggested to ex- 
plain the “pernicious anemia of preg- 
naney” (79, S80). 
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ReLaTiIoN OF ACHLORHYDRIA TO NEGLECTED 
GASTRIC CANCER 


Achlorhydria and gastrie cancer were 
considered synonymous 40 years ago 
when the growth was far advanced be- 
fore a diagnosis was made (87). It is 
now established that as the cancer 
grows, the incidence of achlorhydria 
and hypochlorhydria increases. This 
fact is clearly shown by the observa- 
tions of Comfort and his associates (J), 
referred to previously, and in the litera- 
ture they reviewed. Among the 10,890 
patients with gastric cancer studied at 
the Mayo Clinie (2), 59 percent had 
achlorhydria and 25 percent hypochlor- 
hydria. The incidence of achlorhydria 
Was greater in the frankly inoperable 
group. In 28 percent of the group that 
had uleer-like symptoms, the secretory 
response was in the normal range. It 
is difficult to avoid the interpretation 
given to their data, that as a rule, when 
achlorhydria is present the cancer grows 
larger before the person consults a phy- 
sician. Such evidence also indicates 
that the presence of gastric cancer may 
operate to intensify the gastritis asso- 
ciated with aging. ‘This is supported 
by the observations of Guiss and Stew- 
art (47). They found atrophic changes 
in the stomachs of patients past 40 in 
66 percent of those dying with extragas- 
tric cancer, in 82 percent of those with 
apparently normal stomachs, and in 97 
percent of those with gastric cancer. 


CAUSE OF ACHLORHYDRIA WITH AGING 


The following statements pertain to 
subjects otherwise normal. It is certain 
that most of the cases of achlorhydria 
which occur in later life do not date 
from birth (78). In fact. a case of ab- 
solute (histamine) achlorhydria in 
childhood has not been reported, so far 
as I know. After the age of 20, the in- 
cidence of achlorhydria steadily in- 
creases, yielding a smooth curve (79). 
Achlorhydria occurs more frequently in 
women than in men, in a ratio of ap- 
proximately 4 to 3 (74). The reverse is 
true of gastric cancer. Using the Ewald 
test meal, Vanzant and her collaborators 
(S2) believed that the process causing 
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achlorhydria with aging was inherited 
because a parallel shift in the distribu- 
tion curve to lower values did not take 
place for men and women. Using the 
histamine test which renders it possible 
to measure the total output of acid, 
Polland (83) found that the total 
amount of acid secreted decreases with 
age similarly in both sexes. He inter- 
preted his data as indicating that in 
aging achlorhydria apparently results 
from a “physiological involution” and 
becomes manifest first in those persons 
who are endowed with a less responsive 
and more yulnerable gastric secretory 
mechanism. 

I am inclined to accept Polland’s in- 
terpretation for several reasons: (1) 
Wide individual variations in response 
to histamine or to a test meal occur in 
medical students; (2) the total out- 
put of acid to a stimulus is a better in- 
dicator of the response of the parietal 
cells than is the acidity as determined by 
a test meal; (3) the observations of 
Guiss and Steward (47) reveal a high 
incidence of atrophic changes in the 
stomach after the age of 40. The con- 
stitutional factor in premature achlor- 
hvdria must be considered because there 
is good evidence of definite familial 
trends in man (35, 36), as has been re- 
ported for gastric carcinoma (4). 


CAUSE OF ACHLORHYDRIA IN GASTRIC 
CANCER 

It is pertinent to inquire first whether 
cancer of organs other than the stomach 
cause achlorhydria. A review of the 
literature shows that extragastrie can- 
cer in man and animals does not cause 
achlorhydria and is usually associated 
with normal gastric secretion (S5-S8). 
This indicates that if a gastric cancer 
liberates an agent which inhibits gastric 
secretion, it is specific for gastric 
cancerous tissue. Either that, or the 
achlorhydria of gastric cancer is caused 
by gastritis or nervous inhibition. 

It is possible, however, for cancerous 
tissue to produce toxic substances which 
inhibit and others (histamine) which 
stimulate gastric secretion. If this con- 
dition occurs in extragastrie cancer. then 
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the inhibitory and excitatory substances 
are equally produced. It has been re- 
ported that the blood histamine con- 
tent is not increased in gastric cancer, 
gastric ulcer, duodenal ulcer, and Hodg- 
kin’s disease (89). This report, how- 
ever, in relation to gastric secretion, 
lacks significance because the histamine 
obtained from the blood by the best 
assays available is derived only or 
chiefly from the granulocytes. The 
parietal cells are exquisitely sensitive to 
histamine. and it has been found that an 
increase in blood histamine cannot be 
detected in the blood when a 1-mg. dose 
is given subcutaneously (9). Never- 
theless, if gastric cancerous tissue causes 
achlorhydria by liberating an inhibitory 
substance, it must not at the same time 
liberate a stimulating substance in sig- 
nificant amounts. On the other hand, 
if the secretory machinery is injured by 
inflammation, even the histamine which 
is produced by irritated tissues cannot 
cause secretion. 

At present there is only one way to de- 
termine whether the gastric secretory 
machinery is markedly altered, and that 
is to administer histamine or a meal and 
ascertain if the stomach responds. The 
stomach may fail to respond even when 
the parietal cells appear to be structur- 
ally normal (51, 43,73). 

Several explanations for the progres- 
sive reduction in the secretion of acid by 
the stomach in gastric cancer in the ab- 
sence of an antecedent achlorhydria 
have been offered. They are: (1) An 
infiltrating gastritis or the gastritis 
which preceded the disease, or the gas- 
tritis secondary to the disease; (2) an 
increase in the secretion of a A ns Pg 
ing and buffering fluid, though in many 
cases there is a decrease in the secretory 
volume; (3) a vitamin deficiency which 
antedated the gastritis or was caused by 
(lietary limitations imposed by gastric 
symptoms: and (4) the excessive pro- 
duction of an inhibitory substance by 
cancerous tissue or by atrophic gastric 
mucosa, 

Brunschwig and his associates (9/- 
M) have published evidence which in- 
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dicates that the last-mentioned explana- 
tion should be considered. They have 
found a substance in the gastric juice 
or fasting-stomach contents after stim- 
ulation with histamine that depresses 
the secretion of acid when given intra- 
venously. The substance is present in 
normal acid juice but is more concen- 
trated in the juice of patients having 
carcinoma of the stomach and perni- 
cious anemia. Their methods were not 
sufficiently quantitative, however, to de- 
termine whether the total output per 
unit of time was greater in gastric can- 
cer and pernicious anemia. They ex- 
tracted gastric-cancer tissue. colonic- 
cancer tissue, cancer tissue elsewhere in 
the body, colonic mucosa, and gastric 
mucosa in the absence of gastric cancer. 
The inhibitory substance was found to 
be concentrated only in the tissues of 
gastric cancer. 

I have analyzed their positive and 
negative data statistically in regard to 
(1) extract of gastric cancer vs. extracts 
of other tissues; (2) juice neutralized or 
we cipitated from patients with gastric 

‘ancer and pernicious anemia vs. juices 
from those with other conditions, and 
(3) “1 and 3” doses of acid human juice 
vs. Ky and 3” doses of achlorhydric hu- 
man juice. The differences the authors 
report are statistically significant. The 
statistical study was made because the 
method of assay used by the authors is 
not so rigid as those usually employed 
for the assay of gastric secretory de- 
pressants. They injected intravenously 
flocculent precipitates in suspension ex- 
cept when the neutralized juice was in- 
jected. It is questionable physiologi- 
rally to inject suspensions intrave- 
nously. After injection, the animals 
vomited and became depressed at times. 
Such conditions inhibit gastric secre- 
tion. The authors reported that these 
and other undesirable reactions to the 
injections occurred with an equal fre- 
quency when gastric inhibitory positive 
and negative materials were used. This 
being true. their data show that the 
gastric inhibitory substance is more con- 
centrated in material from pernicious 
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anemia and gastric cancer with achlor- 
hydria than in material from other 
sources, 

The observations of Brunschwig and 
his collaborators call for further re- 
search. They are not yet applicable to 
the problem of the cause of achlorhy- 
dria in gastric cancer and pernicious 
anemia for the following reasons: (1) 
They have injected intravenously only 
either suspensions of a precipitate or 
the neutralized gastric fluid. It must 
be shown that a suspensoid or the mu- 
coid secretion found in gastric cancer- 
ous tissue or in the crypts of atrophic 
gastric mucosa is absorbed into the 
blood or lymph. This is necessary be- 
cause it has not been shown that the 
material depresses secretion when in the 
lumen of the stomach. (2) It has not 
been shown that the repeated or contin- 
uous injection of the material will cause 
a progressive and permanent achlorhy- 
dria. 

It would be important to possess a 
substance free from undesirable side re- 
actions which on repeated oral or sub- 
cutaneous injection would induce a 
permanent achlorhydria or hypoacidity. 
Such a substance could be used for the 
treatment of peptic ulcer. 

The chemical properties of the inhib- 
itory substance found by Brunschwig 
indicate that it is probably one of the 
proteins in gastric juice (6,97). If it 
is a mucoprotein, it is a special type 
since Brunschwig (9/—96) has obtained 
chiefly negative results from colonic 
mucosa and colonic cancerous tissue. 


ENTEROGASTRONE AND UROGASTRONE 


Enterogastrone and _ urogastrone 
preparations, made from the upper in- 
testinal mucosa and the urine, respec- 
tively, inhibit gastric secretion. 

Enterogastrone is related to the prob- 
lem of achlorhydria because of the pseu- 
dopyloric or pseudointestinal transfor- 
mation of the mucosa found in chronic 
gastritis. Unfortunately, the repeated 
administration of enterogastrone does 
not cause a permanent achlorhydria 
(98). When it is given over a period 


of a year to Mann-Williamson dogs, it 
prevents or markedly delays the recur- 
rence of jejunal ulcers. The same is 
true of extracts of urine (99). This ef- 
fect of the intestinal and urine extracts 
is not readily attributable to the de- 
pression of gastric secretion. Hence, it 
has been hypothesized that the extracts 
contain something that increases the re- 
sistance of the intestinal cells to injury, 
perhaps by promoting repair and heal- 
ing. This hypothesis suggests that sub- 
stances may be extractable from normal 
tissues or urine which accelerate or in- 
hibit tissue repair or growth (5, 100). 
Attempts have been made to ascertain 
whether enterogastrone and urogas- 
trone are identical. Complete enterec- 
tomy in numerous tests regularly but 
only partially reduced the output of 
urogastrone in the urine. The inter- 
pretation of these results was obscured 
by the observation that the recovery of 
inhibitory substance was augmented 
after a control surgical procedure (101). 
This suggests that traumatic inflamma- 
tion increases the urinary output of non- 
pyrogenic, gastric inhibitory factors. 
It provides a basis for much specula- 
tion regarding the regulation and me- 
tabolism of accelerator and inhibitory 
factors which influence repair and 
growth in the body (100). However, it 
ius not been determined whether 
trauma outside the alimentary tract in- 
creases the urinary output of gastric 
secretory inhibitory substances. 


CHEMICAL ASPECTS OF MUCOPROTEIN 


Most gastric cancers appear to involve 
mucous cells and to arise in the pyloric 
portion of the stomach. This fact has 
caused me to study and analyze all the 
literature pertaining to the chemistry of 
mucus, its formation, and metabolism. 
The study revealed no suggestions 
worthy of mention. However, it is be- 
lieved that the mucin or mucoid material 
in gastric cancers should be studied 
chemically. Some substance related to 
growth acceleration or early diagnosis 
may be found. 
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METABOLIC EFFECTS OF TOTAL 
GASTRECTOMY 


The metabolic effects of total or ex- 
tensive subtotal gastrectomy pertain to 
the subject of this paper. It is, how- 
ever, considered unnecessary to review 
this aspect of the relation of gastric 
physiology to the problem of gastric 

cancer, as it has been reviewed elsewhere 

recently (102, 103). It is also believed 
unnecessary to consider the relation of 
gastric physiology to the dyspeptic 
symptoms caused by gastric cancer (.2 


SUMMARY 


All the possible relations of gastric 
physiology to the problem of gastric 
cancer that occurred to the author have 
been considered and reviewed briefly. 

More knowledge regarding the physi- 
ology, histophysiology. histopathology, 
and chemistry of gastric mucous cells is 
needed. This statement is based on the 
premise that exogenous irritation may 
predispose to gastric cancer in the pres- 
ence of susceptibility of the gastric mu- 
cosa to carcinomatous transformation. 

Attention should be directed to the 
experimental production of chronic gas- 
tritis in animals. The results of such a 
study may not lead to the production of 
gastric cancer because of the rarity of 
the disease in subhuman species. The 
results, however, should be applicable to 
the etiology of chronic gastritis in man. 

If a chronic g: astritis could be pro- 
duced in an animal or if the mucous 
barrier could be destroyed, adenocarci- 
noma of the stomach might be produced 
by the oral administration of a carci- 
nogen. 

Stewart and Lorenz obtained cancer of 
the intestine but not the glandular por- 
tion of the stomach of mice by the oral 
administration of a carcinogen. In view 
of the low incidence of cancer of the 
intestine in man, their observation indi- 
cates that an exogenous carcinogen is 
not important in man unless the mucous 
barrier is destroyed and the gastric mu- 
cosa is more susceptible than ‘the intesti- 
nal. 

A slowly healing gastric ulcer in the 


rabbit was found by several investiga- 

tors to heal with adenomatous hyper- 
plasia. The rabbit may serve as an anl- 
mal in which the carcinomatous trans- 
formation of an adenoma may be 
studied. 

Until it is known whether gastric irri- 
tation predisposes to cancer, we shall 
lack an unequivocal basis for the inter- 
diction of dietary irritants. This ob- 
tains for other factors which may cause 
chronic gastritis. 

Guiss and Stewart found atrophic 
changes in the noncarcinomatous gastric 
mucosa of 82 percent of subjects above 
the age of 40. This finding does not 
prove ‘that chronic gastritis is — a fac- 


‘tor in the genesis of gastric cancer. 


The report indicates, however that if 
chronic gastritis is a factor, it will have 
to be supported by substantial evidence 
obtained from animal experimentation. 
There are two types of investigations on 
man that may prove to be exceptions to 
the foregoing statement : (1) An experi- 
ment with human beings, using a popu- 
lation in which the mortality from gas- 
tric cancer is exceptionally high ‘and 
ascertaining the effect of a diet devoid of 
irritants or factors conducive to chronic 
gastritis; (2) the otherex periment 
would be to establish that the incidence 
of gastric cancer in patients wtih perni- 
cious anemia is greater than in the gen- 
eral population. These patients,  be- 
‘ause they require continuous therapy, 
oller an opportunity for a careful study 
of the relation of chronic gastritis and 
heredity to the genesis of cancer. Be- 
cause the presence of atrophic gastritis 
in pernicious anemia may be an associ- 
ated and not a specific predisposing fac- 
tor in the genesis of gastric cancer, cor- 
related evidence will be required. This 
evidence could be obtained by ascertain- 
ing whether patients with premature 
achlorhydria but without pernicious 
anemia develop gastric cancer more fre- 
quently than patients without prema- 
ture achlorhydria. It would also be im- 
portant to determine the incidence of 
gastric cancer in patients with a history 
of proved duodenal ulcer. The hyper- 
chlorhydric tendency of such patients is 
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opposed to the achlorhydria of patients 
with pernicious anemia. 

It is established that many patients 
with gastric cancer do not have an 
achlorhydria and that the incidence of 
achlorhydria increases with the growth 
of the cancer as a rule. This does not 
void the possibility that the cancer 
originated in a small area of mucosa 
which had been afflicted with gastritis. 
The clinical evidence also indicates that 
when achlorhydria 1s present, a gastric 
eancer grows larger before the person 
consults a physician. 

The cause of achlorhydria in aging is 
uncertain. The evidence has been in- 
terpreted as follows: Achlorhydria pre- 
sumably results from a physiologic in- 
volution and becomes manifest first in 
those persons who are endowed with a 
less responsive and more vulnerable gas- 
tric secretory mechanism. Whether the 
involution can be promoted or retarded 
by dietary means has not been clearly 
established. 

Extragastric cancer in man and ani- 
mals is usually associated with normal 
gastric secretion. The cause of pro- 
gressive achlorhydria in cancer is prob- 
ably due to the associated gastritis. 
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DISCUSSION 


Chairman Rhoads PY I think we are all 
very much indebted to Dr. Ivy for his 
most comprehensive review of a highly 
complicated and puzzling topic. <As I 
see the situation, the most Impressive 
experiments are those of Stewart and 
Lorenz. The resulis of these experi- 
ments indicate that a protective barrier 
exists over gastric mucosa. This barrier 
prevents contact of the carcinogenic 
agents with those cells which are be- 
lieved to proliferate when cancer oc- 
curs. We must then examine, as Dr. 
Ivy has done, the various factors en- 
tailed in the production of mucus. This 
is done in the hope that there will be de- 
tected in gastric cancer some disturb- 
ance which removes the protective 
coating. 

The ingenuity indicated by these 
studies, I think. is worthy of note. They 
suggest a number of questions. There 
appears from Dr. Ivy's evidence to be 
no question of the presence of gastritis 
in the dog with ulcer. There are var- 
ious, generally metabolic means of pro- 
ducing ulcer with such a secondary gas- 
tritis. Alterations in the functions of 
the stomach must exist when such an 
experimental gastritis is present. 

You will all reeall that Dr. F. W. 


Stewart, possibly stimulated by our lit- 
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erary considerations of this question 
presented 5 years ago, began his ex- 
traordinarily comprehensive, adequate 
study of the relationship of gastritis to 
cancer. It seems to me that he has 
shown very conclusively that there is no 
etiologic relationship. Certainly that is 
a great contribution and perhaps de- 
serves more discussion. 

[ was particularly impressed with the 
adenoma formation in the healing of the 
rat gastric mucosa. One wonders how 
much mucus is secreted by those animals 
and whether the presence of adenomas 
or the underlying cause of the adenoma 
make the mucosa more susceptible to 
cancer when it is exposed to ecarcino- 
genic agents. I infer that borneol was 
used to decrease the amount of mucus 
secreted. It was not entirely clear that 
vou did decrease the amount of mucus 
secreted. 

Dr. Tey: I did not, 

Chairman Rhoads: Dr. Hollander, I 
think you are the individual supposed to 
open the discussion, 

Dr. Hollander: Dy. Ivy has delved 
into practically every nook and corner 
of gastric physiology which may con- 
ceivably be related to the problem of 
gastric cancer. It is clear from what he 
has said that the motor phenomena of 
the stomach probably have no bearing 
on gastric carcinogenesis. The same is 
true of the secretory phenomena relat- 
ing to acid and pepsin secretion. On the 
other hand, the occurrence of a hypo- 
chlorhydria or a total achlorhydria may 
be significant. It is my own feeling at 
present that such significance, if it exists 
at all, is more likely to be secondary to 
the development of the malignant lesion 
or to a precancerous condition than to 
be primarily involved as an etiologic 
factor. However, this must not be ac- 
cepted without definitive evidence of a 
statistical or experimental nature, and 
the collection of such evidence ought to 
be considered a major task for cancer 
investigators. 

The one aspect of gastric physiology 
that may prove to be of fundamental 
importance in relation to gastric car- 
cinogensis is mucus secretion. This 
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importance derives from its function 
as a protective agent against all forms 
of irritation, but particularly the chemi- 
cal ones. Hence, any deficiency in out- 
put of mucus or in its essential physical 
properties may well serve to predispose 
the gastric mucosa to attack by an ex- 
ogenous carcinogenic agent. I am im- 
pressed by the failure of malignant 
tumors to develop in the glandular 
stomachs of rodents, following surface 
contact with synthetic carcinogens, es- 
pecially since such tumors can dev elop 
in this region following intramucosal 
injection, or in the forestomach by di- 
rect contact. Dr. Ivy paid particular 
attention to the mucous barrier as the 
protector of the glandular epithelium in 
such experiments. Some observations 
of my own indicate that this barrier in- 
volves not only the viscous mucus secre- 
tion but also the mucous cells themselves 
in a curious way. 

When a mildly irritating solution, 
such as 5 percent ethyl ether in water 
or a 5-percent emulsion of clove oil, i 
kept in contact with the gastric mucosa 
for 10 to 15 minutes, there usually results 
a flow of thick, jellylike mucus which is 
whitish in color and opaque. Histologic 
examination of smears of this material 
reveals considerable quantities of des- 
quamated columnar epithelium, thus ac- 
counting for the opacity. Not only are 
there isolated cells present, but very 
often one finds entire ranks or clumps of 
cells. Spontaneous secretion, on the 
contrary. is frequently free of such 
desquamated columnar cells although 
some cellular debris may be present. 
This condition means that the irritant 
solution induces a separation of small 
pieces of surface epithelium with which 
it comes in contact, in addition to stimu- 
lating these cells to their normal secre- 
tory activity. Obviously. if any cancer- 
ous change is induced in these columnar 
cells, by. contact with a carcinogen 
it will immediately elicit a shedding 
of the cells so affected, and their removal 
from contact with the remaining gland- 
ular tissue will make the development of 
an adequate tumor in the adjacent areas 
impossible. This process of dlesquama- 
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tion, when it is associated with chronic 
irritation, is probably related to the de- 
velopment of a chronic gastritis. The 
latter, in turn, would account for the 
precancerous nature of gastritis, once we 
are convinced that it is precancerous. I 
believe that the phenomena of mucus 
secretion are of tremendous importance 
for cancer research on the stomach, and 
because of the paucity of present knowl- 
edge on this phase of gastric physiology, 
I have made it a major subject of re- 
search in our laboratory. 

Chairman Rhoads: It seems to me we 
come down to our old question of 
whether gastritis is precancerous. Pos- 
sibly it is. Certainly it is suggested by 


_ the observations you have heard. You 


are familiar with Dr. Stewart’s consid- 
eration of the topic and his feeling that 
there is no evidence of pre-existing gas- 
tritis in cancer of the stomach. 

Dr. Stewart, would you like to restate 
your views in this matter? 

Dr. Stewart: Yes. I think I am 
being misquoted somewhat by you. The 
only statement we made was that we 
didn’t know. The statement we made 
was that if chronic gastritis was of 
etiologic significance in gastric cancer, 
it could not be shown by statistical 
means in the human subject. Further 
than that we could not go. We believed 
that the whole thing had to be decided 
on the recovery, from the great group of 
cases of gastric cancer, of sufficient very 
-arly cancers, to state that those tumors 
dleveloped in zones of gastritis to the ex- 
clusion of areas of gastric mucosa which 
showed no evidence of gastritis, and that 
is as far as we went, and it will take a 
long time to collect any material of that 
sort, 

I did, within the last year, go quickly 
over a group of a couple of Ailes of 

cases of gastric cancer in an effort to get 
a little ‘light on the subject from a 
slightly different point of view, arguing 
something like this: That evidences of 
gastritis first appear in the prepyloric or 
antral zone and only later on become 
more apparent in the cardia; therefore, 
one would assume that were gastritis the 
important factor, one should find a dif- 
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ference in the age group of individuals 
subject to a prepyloric and antral can- 
cer, versus cardiac cancer; that is, we 
should expect that cardiae cancer ought 
to develop at a later age, in a later age 
group, and no such thing is apparent sta- 
tistically. There is no significant differ- 
ence between the age group of cardiac 
cancer and prepyloric cancer. 

The next statement is general and 
doesn't apply specifically to gastric 
cancer. The earlier you see cancer, in 
general, the less reason you have to 
incriminate some pure, nonspecific, in- 
flammatory lesion as of etiologic sig- 
nificance. I think pathology has to get 
farther and farther away from the idea 
that ordinary chronic inflammatory 
changes have great significance in re- 
spect to cancer development. Take 
bladder tumors, for example. We 
have highly specific indications of the 
etiology of certain bladder tumors. We 
don’t find those tumors accompanied by 
inflammatory changes in the early 
stages, and one could go through the 
list of so many tumors and say the 
same thing. 

I think that in general the incrimina- 
tion of common chronic inflammatory 
lesions in cancer etiology is a concept 
which pathologists have to begin to 
steer away from. 

Chairman Rhoads: Before the meet- 
ing, I had a chance to review with Dr. 
Straus, who was with me in the Army, 
the material from the  pernicious- 
anemia clinic at the Boston City Hos- 
pital. I suppose this includes the 
largest number of patients treated for 
pernicious anemia available in this 
country. Unfortunately, it is not pos- 
sible to analyze their figures regarding 
gastric or other cancer. They have had 
a certain amount of gastric cancer in 
the patients. They are not certain that 
the incidence is not greater than would 
be expected in the normal course of 
events. They feel very keenly that they 
have had an extraordinarily high in- 
cidence of cancer in general. Again, 
that figure is not susceptible to analysis 
because many patients drop out of sight 
and cannot be followed. The patients 
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who do not drop out of sight are the 
ones on whom they have records and in 
whom whom cancer has been known 
to develop. 

Certainly it is my impression from 
talking with a good many individuals 
that the hope of picking up very early 
gastric cancer by watching carefully a 
large series of persons with achlor- 
hydria is not so bright as it was thought 
to be some years ago. Perhaps that 
warrants further discussion. 

Dr. Stout, what is your feeling in this 
matter ¢ 

Dr, Stout: May I show some lantern 
slides? I happen to have studied a 
group of cases somewhat in the same 
fashion that Dr. Stewart did, and I 
should like to show you the result. [Off 
the record.| It occurred to me that the 
most striking histologic change in the 
atrophic stomach was intestinal meta- 
plasia. This term means a change in 
the gastric mucous membrane featured 
by loss of the characteristic secreting 
cells and their replacement by mucus- 
secreting cells of the intestinal. type 
which histologically look quite different 
from the mucus-secreting cells nor- 
mally found in the stomach. Since this 
is perhaps the greatest change that oc- 
curs in the gastric epithelium in cases of 
chronic atrophic gastritis, I was curious 
to learn the incidence of intestinal meta- 
plasia in stomachs resected for various 
reasons. I therefore took 3 groups of 
50 each. 

In the first, there were 50 cases of 
duodenal ulcer but no ulcer or carcinoma 
of the stomach; in the second, there were 
50 gastric ulcers without any gastric 
cancer: and in the third, 50 cases of 
gastric cancer. In each case, there was 
prepared an average of 10 sections from 
various areas carefully selected in much 
the same fashion as was used by Dr. 
Stewart so that there were samples of 
the gastric mucosa from all parts. The 
absence or presence and the degree of 
intestinal metaplasia were recorded and 
tabulated. 

Table 1 shows that there is relatively 
little intestinal metaplasia in the duo- 
denal-ulecer group, and when present it 
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is usually inconspicuous in degree. In 
the gastric-ulcer group, the amount and 
degree of metaplasia are greater, the 
greatest amount and degree being in the 
gastric-cancer group. However, if you 
plot this against the mean age of the 
different groups, you see that it varies 
directly with the age increase. The 
mean age of the duodenal-ulcer group 
is 45.2 years; that of the gastric-ulcer 
group, 49.4, and of the gastric-cancer, 

57 years. 

TABLE 1.—Incidence of intestinal metaplasia 
of gastric mucosa in cases of duodenal and 
gastric ulcer and of carcinoma of the 
stomach 





Intestinal metaplasia of 


Age gastric mucosa 

Group ” _ meee ee Gemma. teens 
Range Mean None Slight) M°&- | Marked 

: : dium 

Per- | Per-  Per- 
Years Years cent cent | cent | Percent 
Duodenal ulcer 17-49 | 45.2 70 24 2 
Gastric ulcer 25-68 49.4 45 20 14 18 

Gastric carci- 

noma 33-78 57.0 8 16 22 i4 





This suggested that age was a more 
important factor than was the lesion, so 
I rearranged these 150 cases in 5 age 
groups (table 2). This arrangement 
showed that in the early age group there 
is very little intestinal metaplasia, and 
that it becomes increasingly greater as 
age advances. It was present in every 
patient over 70 years old; but since there 
are only 4, this observation has no sta- 
tistical value. The youngest individual 
with intestinal metaplasia was 33 years 
old, and everyone over 69 had intestinal 
metaplasia. The oldest patient having 
no intestinal metaplasia was 69. 


TasLe 2.—Incidence of intestinal metaplasia 
of gastric mucosa in stomachs resected for 
duodenal or gastric ulcer or gastric carci- 
noma at different ages 





Intestinal metaplasia of gastric 
mucosa 
Age group | Cases 


Medium) Marked 


None Slight 





Number | Percent | Percent | Percent Percent 
2. 3.1 3.0 


17-40 33 81.8 12.1 : 

41-50 39 51.3 20.5 10.2 18.0 
51-60 46 26.0 17.6 19.4 37.0 
61-70 28 17.9 35.7 0 46.4 
71-78 4 0 0 50.0 50.0 


Finally, I compared the stomachs of 
the patients over 59 years old with gas- 
tric cancer with those who had none to 
learn the incidence of intestinal meta- 
plasia in each. As you see from table 3, 
there is much more intestinal metaplasia 
of a marked degree in the group with 
-arcinoma than in the group with none. 


TABLE 3.—Incidence of intestinal metaplasia 
of stomach in patients over 59 years of age, 
with and without gastric carcinoma 





Intestinal metaplasia 





Group +) eer eee eee al 
None | slight | €- |Markea 
a dium |* 
Num-,| Per- Per- | Per- Per- 
ber cent cent cent cent 
Without carcinoma 15 | 26.7 26.7 19.9 26.7 


With carcinoma 20 5.0 15.0) 20.0 60.0 





It seemed to me that these observa- 
tions only show that gastric cancer is 
more likely to develop in a stomach 
which shows atrophic changes with in- 
testinal metaplasia, but whether these 
atrophic changes or the intestinal meta- 
plasia have anything to do with the de- 
velopment of gastric cancer doesn’t seem 
to me to have been proved at all. 

One other thing which I did was to 
try to see whether one could find any 
stages between the metaplasia and the 
development of cancer, but I could find 
none. Cancers often invade areas of 
metaplasia, but I never could find any 
gradations from metaplasia to carei- 
noma. Moreover, cancers can develop in 
stomachs without any metaplasia. 

Dr. Brunschwig: I feel as Dr. Stewart 
does that it has not yet been demon- 
strated that gastritis is a precancerous 
condition. On the other hand, cancer- 
ous stomachs often exhibit changes in 
the uninvolved mucosa that might be 
regarded as gastritis. 

Chairman Rhoads: It seems to me this 
observation of Dr. Stout’s is of great 
importance and great interest, and per- 
haps we are warranted, unless Dr. Smith 
feels otherwise, in getting the opinions 
of the group on it. Dr. Stewart, do you 
care to express on opinion ? 

Dr. Stewart: No. 
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Chairman Rhoads: Could you confirm 
from vour observations 

Dr. Stewart: I think sO. 

Chairman Rhoads 4 Dr. Warren / 

Dr. Warren: 1 think this afternoon 
there will be figures that bear on that 
point. Perhaps it would be wise to save 
them until then. 

Chairman Rhoads: We should like to 
hear from anyone who has questions to 
ask or opinions or experiments to 
advance, 

Dr. Lorenz: 1 want to report briefly 
on some experiments which I have car- 
ried out in recent years to induce tumors 
of the glandular stomach of mice by 
oral administration of methyleholan- 
threne. 

As you know, in previous experiments 
in which olive-oil emulsions containing 
either dibenzanthracene or methy!l- 
cholanthrene were administered orally 
to mice, practically the only carcinomas 
obtained were in the small intestine. 
However, when this emulsion was st»bi- 
lized with a wetting agent, Aerosol. 
O. T.. or when a mineral-oil emulsion 
with the same wetting agent as emulsi- 
fier was substituted, squamous-cell 
earcinomas of the forestomach were 
most readily induced. This fact seemed 
to suggest that the wetting agent. be- 
sides preventing the emulsions from 
breaking because of the acidity of the 
stomach, removed the mucus from the 
forestomach, thus making possible in- 
timate contact of the emulsion with the 
cellular lining of the stomach. No 
tumors of the glandular stomach were 
obtained in these experiments partly 
because of the fact that the squamous- 
cell carcinomas developed very rapidly. 
within 3 months, necessitating the kill- 
ing of the animals. 

Recent experiments consisted in 
changing the composition of the emul- 
sions by using different wetting agents, 
such as sulfonated castor oil or sodium 
taurocholate. In none of these experi- 
ments were tumors of the glandular 
stomach obtained. In another ex- 
periment. a suspension of methyl- 
cholanthrene in water was adminis- 
tered orally in the hope that methylchol- 


anthrene particles would be lodged in 
the folds of the glandular stomach. 
Again only squamous-cell carcinomas 
of the forestomach and tumors of the 
small intestine were obtained. The 
sume suspension was also given to 
guinea pigs with completely negative 
results. These animals ingested daily 
approximately 2 mg. of the hydrocar- 
bon for a period of well over 1 year. 

The failure to induce tumors of the 
glandular stomach in these experiments 
may be due to the fact that the secre- 
tions of the stomach prevented intimate 
contact of the carcinogen with the cells 
of the stomach wall. It might be pos- 
sible, therefore, to obtain tumors in an 
area with an ulcer in which the pro- 
tecting secretion is not produced. It 
is known that ulcers in mice can be 
obtained by administering acid pepsin 
solution orally. An experiment was 
set up in which mice were given acid 
pepsin solution every other ‘day alter- 
nating with an acid methylcholanthrene 
emulsion. These experiments did not 
result in tumor production although 
uleers were observed over a period of 
several months: no more ulcers were 
found later, indicating an adjustment to 
the acid pepsin solution. 

In a final experiment with Dr. Dalton, 
of our Institute, ulcers were obtained by 
subjecting mice to interrupted ex- 
posures to low pressure (artificial ceil- 
ing approximately 30,000 feet). In ap- 
proximately 50 percent of the animals, 
ulcers were obtained after an_ inter- 
rupted exposure (six times per week) of 
4 weeks. If these preliminary experi- 
ments show that continual neoformation 
of acute ulcers may be obtained by this 
method, such animals will be given a 
methylcholanthrene emulsion instead 
of drinking water. 

From the failure of these experiments. 
it might be concluded that the glandular 
stomach of mice has a very low sus- 
ceptibility to tumor induction. How- 
ever, Stewart showed that adenocar- 
cinomas of the glandular stomach of 
mice can be obtained by the injection of 
a methylcholanthrene suspension into 
the wall of the stomach. Thus the re- 
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peated failure to obtain any tumors in 
an organ of proved susceptibility by 
feeding carcinogens brings up the gen- 
eral question whether, in the study of 
the etiology of spontaneous gastric tu- 
mors, we should not search for endog- 
enous factors brought to the stomach 
via the blood stream rather than exog- 
enous factors in the food. 

Dr. Schiff: We have been gastro- 
scoping a group of patients with achlor- 
hydria, both with and without atrophic 
gastritis for the past 7 years. None of 
them has as yet developed gastric polyps 
or gastric carcinoma. They are well- 
trained to the gastroscopic procedure 
and have been faithful, and we expect 
to keep on looking. 

Dr. Golden: I should like to ask for 
a definition of gastritis. 

Chairman Rhoads: Who will ac- 
knowledge being wise enough to define 
the term. Dr. Warren, would you like 
to give your definition of gastritis / 

Dr. Warren: Well, it (chronic gas- 
tritis) is pretty hard to define: because 
I am quite sure that the inflammatory 
changes alone are not of much im- 
portance but that the epithelial changes 
which we see associated with the inflam- 
matory changes very frequently or 
sometimes alone, as Dr. Stout has shown 
(they are essential to the lesions of 
which Dr. Stout has been speaking), 
seem to have rather suggestive relation- 
ship. I think that if one considers 
chronic gastritis as purely a matter of 
low-grade inflammatory response and 
essentially lymphocytic infiltration, and 
so forth, that it is a pretty sterile sub- 
ject for investigation; but that if one 
considers the changes in the gastric 
mucosa as a whole which are frequently 
associated with these infiltrations, there 
is something worth while going after. 
I should feel that if one narrows the 
definition down to a purely chronic in- 
flammatory response, we shall be wast- 
ing time considering it very much from 
the standpoint of malignant disease. 

Chairman Rhoads: You would re- 
strict the term to epithelial ? 

Dr. Warren: I think the significant 
part is the epithelial change, and what 


term to use I really don’t know. In the 
older literature the term “chronic gas- 
tritis” has been used but has been used 
so loosely that it is very difficult to an- 
alyze what is meant. The significant 
type of chronic gastritis is that in which 
there is epithelial alteration as well as 
purely inflammatory infiltration. 

Dr. Burn: 1 should like to ask Dr. 
Stewart or Dr. Stout whether the epi- 
thelial changes that they described con- 
sist of a diffuse process throughout the 
gastric mucosa, or are these changes 
confined to a certain localized and dis- 
tinct region of the stomach? It has 
been my experience that the stomachs 
of patients with gastric carcinoma tend 
to.show this diffuse epithelial change 
throughout the entire mucosal lining. 
Do you believe that the change in the 
stomach mucosa occurs locally before 
the development of the carcinoma? Is 
there any relationship between the de- 
velopment of these changes and the ab- 
sence of mucous secretion that Dr. Ivy 
describes in his experimental animals? 
The inflammatory reaction which is 
prominent in the gastric mucosa of this 
type of stomach, T believe. is entirely 
secondary to the epithelial change. 

Chairman Rhoads: You can set up 
epithelial change and then get infiltra- 
tion. Dr. Ivy, what about the presence 
of epithelial change in the animals in 
which inflammatory reaction was set up 
artificially ? 

Dr. Ivy: We have never produced 
anything but an acute gastritis, and in 
acute gastritis considerable mucus in 
excess of the normal is produced. Ina 
prolapsed pouch of the pyloric mucosa, 
the mucous membrane becomes thin, 
smooth, and shiny, and there is a de- 
crease in the amount of glandular epi- 
thelium. Although we have never 
measured it accurately, such mucosa ap- 
pears to secrete less mucus. 

As a physiologist, I should like to re- 
iterate the impression gained from all 
the clinical evidence and pathologic evi- 
dence that have been submitted, and also 
from the discussion here this morning, 
and that is that the question of the re- 
lation of chronic gastritis to the etiology 
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of gastric cancer is not going to be set- 
tled until a human experiment, which 
can be controlled, is conducted, or until 
someone has produced in an animal a 
cancer on the basis of a background of 
chronic gastritis. 

I believe that Dr. Stewart sum- 
marized his work very beautifully in 
the last sentence or two of his paper, 
which in brief, as I recall, was: Either 
gastric cancer does not occur on the 
basis of a chronic gastritis or, if it does, 
it frequently occurs in the small areas 
of gastritis seen in the stomachs of many 
persons above the age of 40; and fur- 
ther. if gastric cancer does occur on the 
basis of gastritis, it is going to be very 
difficult to prove for the human being. 

Would you agree to that, Dr. 
Stewart / 

I believe this question will be argued 
until some sort of human experiment of 
long duration is actually performed. 

Dr. Stewart: We are holding a lot of 
material and adding to it all the time; 
and as soon as the war is over and we 
can get some help again, we want to 
review the question, sticking to the 
purely epithelial change and leaving 
out of consideration the various fea- 
tures which have crept into the defi- 
nition of chronic gastritis, and we might 
get a totally different result when we 
reanalyze material from that point of 
view. It is a thing I have had in mind 
for a long time, but didn’t have anyone 
to work it up at the present time. 

No one has said anything about hy- 
pertrophic gastritis. I have been trying 
for years to find out what hypertrophic 
gastritis is or was. Does anyone know 
what it is¢ You get a stomach full of 
lymphatic tissue; no one knows how 
much there may be, because the stomach 
wall is thick of lymphocytic infiltration, 
and there is no sign that the mucosa is 
bigger than otherwise. Therefore, is it 
hypertrophic at all? 

Dr. Warren: Like Dr, Stewart, I 
have also examined a good many hun- 
dred stomachs, and I don’t recall any I 
would be willing to diagnose as hyper- 
trophic gastritis. As he says, when one 
gets widened and more prominent rugae, 


that condition is very frequently due to 
infiltration or edema, rather than to 
changes in the glands themselves. 

Chairman Rhoads: T am sorry to say 
that the person who probably can con- 
tribute very important observations to 
the matter Dr. Stewart has raised, 
though here, has sealed lips because the 
work was done under a military con- 
tract and bears on information which 
may be of use to the enemy. We hope 
that when the war is over this work will 
come out, and we hope it will be ex- 
tended during the period of the war. Is 
there any further discussion before we 
go on to Dr. Strong’s paper ? 

Dr. Dyer: 1 should like to ask Dr. Ivy 
if the hot water and hydrogen peroxide 
were given at the same time to the same 
animals in the experiment he mentioned, 
and at what temperature the hot water 
was given. 

Dr. Ivy: They are given separately. 
The temperature of the hot water 
ranged from 56° to 60°, just hot enough 
to coagulate the albumins in the cell. 
For example, if this treatment is ap- 
plied every day for 20 minutes, for 3 or 
4 days, the injection of histamine causes 
only a secretion of sodium chloride so- 
lution. Histologically, the parietal cells 
appear to be structurally intact. The 
chief cells appear damaged. X-rays and 
hydrogen peroxide produce a similar 
change. The hydrogen peroxide was 
perfused through the stomach, 100 cc. of 
a 3-percent solution. The exact data 
and references were given in my paper. 

Dr. Golden: Was this acute gastritis 
associated with disurbances in the motor 
function of the stomach ? 

Dr. Ivy: We made no studies of the 
motor function. When the entire stom- 
ach was treated to produce an acute gas- 
tritis, the stomach was very irritable, 
and emesis occurred on eating, as in 
acute gastritis produced with alcohol. 

Dr. Harvey: There was a patient, 
named George Upjohn, whose case his- 
tory we followed, as Dr. Stout will re- 
member, and who had a carcinoma of the 
stomach that was resected and 20-odd 
vears later developed another carcinoma 
in the remaining portion of the stom- 
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ach. That is a rather curious observa- 
tion. You don’t see many of that kind. 
I think we might learn something from 
the study of the two sections of stom- 
ach taken at such wide intervals, if Dr. 
Stout can recall the state of the epithe- 
lial changes each time. Whatever fac- 
tor Was causing carcinoma in George 
Upjohn must have worked very slowly 
indeed. Here was a 20-year interval in 
which he was free of carcinoma, as far 
as we know. 

Dr, Stout: I can’t recall the status of 
the mucous membrane of his stomach. 
They were both carcinomas, one a well- 
differentiated, fungating tumor, and 
the second one a poorly differentiated 
and widely infiltrated tumor. 

Dr. Stewart: I think the 20-year in- 
terval is interesting, but I would be will- 
ing to bet that the more patients who 
survive the 5-year period following re- 
section of cancers, the more duplications 
of such instances you will observe. 

We refer to the regional condemna- 
tion towards carcinogenesis, regional 
difficulties in organs which lead to their 
eventual cancerous transformation. 
The easiest field to observe that, of 


course, is the breast. A _ significant 
number of patients who have one breast 
removed for mammary cancer years 
later develop cancer in the opposite 
breast. We have said repeatedly that 
the only reason to have follow-ups in 
the breast-cancer group is to discover 
cancer in the opposite breast. There 
are numerous other examples of mul- 
tiplicity of cancer in organs and sys- 
tems, i. e., oral cavity, bladder, intes- 
tine, peripheral nerves, and vascular 
apparatus. 

Chairman Rhoads: Is there any fur- 
ther discussion? If not, I think 
worthy of mention, Dr. Smith, the ex- 
traordinary productiveness of thought 
and experiment which followed the 
first conference you called 5 years ago. 
It is clear that the picture is much 
more precise now than it was then, 
even though no answer is at hand. If 
there is no further discussion, we shall 
proceed to Dr. Strong’s paper, Genetic 
Analysis of the Induction of Tumors 
with Methylcholanthrene. IX. In- 
duced and Spontaneous Adenocarcin- 
omas of the Stomach in Mice. 
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GENETIC ANALYSIS OF THE INDUCTION OF TUMORS BY 
METHYLCHOLANTHRENE., IX. INDUCED AND SPONTANE- 
OUS ADENOCARCINOMAS OF THE STOMACH IN MICE! 





By LEONELL C. 


SrrONG, associate professor, Department of Anatomy, Yale University 


School of Medicine 


INTRODUCTION 


The production of adenocarcinomas 
of the stomach in mice is one of the 
results obtained by the practical ap- 
plication of a concept, derived from 
genetic principles, in which the at- 
tempt was made to simulate or to re- 
produce in experimental animals the 
biologically variable state of the hu- 
man population (/). This concept 
was evolved as follows: 


(1) Man gives rise to a great number of 
neoplastic diseases. In fact, practically every 
tissue of the body is not only subject to be- 
coming cancerous at one time or another in 
the life span of the individual but also to giv- 
ing rise to a multiplicity of tumor types, un- 
doubtedly influenced by the process of tissue 
differentiation. 

(2) Inbred mice, on the other hand, develop 
one or at most very few types of cancer. This 
paucity of tumor types occurs not only spon- 
taneously but also in the presence of a car- 
cinogen, 

(3) Inbred mice are characterized by the 
phenomenon of homozygosity, that is, through 
the continued process of inbreeding by which 
the mice have been produced, many of the 
genetic determiners (genes or factors) are in 
the homozygous state, thus giving rise to bio- 
logic uniformity. 

(4) It is highly probable that the great uni- 
formity of tumor types to which the inbred 
mice give rise is the result, to no small de- 
gree, of this great homozygosity of the genetic 
determiners produced by selective inbreeding. 

(5) It is probable that the great variability 
of the tumor types found in man is also the 
result of the great variability in combinations 
of the genetic determiners of man. Man is 
by his social, religious, and political customs 
primarily polyzygous. Marriages are always 
exogamous. 

(6) In experimental mice, we may pass 
from the homozygous state (in which many 
genes are in the homozygous or identical con- 
dition, AA, bb, ete.) to the heterozygous (in 
which many allelic genes are dissimilar or 
antagonistic, Aa, Bb, ete.) by crossing two 
mice of different inbred strains. The greater 
degree of heterozygosity is obtained when the 
original two inbred strains differ most from 
each other, that is, possess the greater num- 
ber of different unit characters. Heterozygous 

This experiment was made possible by grants 
from The Anna Fuller Fund and The Jane Coffin 
Childs Memorial Fund for Medical Research. 


mice, like homozygous mice, are not only uni- 
form in genetic constitution but also in the 
types of induced and spontaneous tumors 
which they develop. 

(7) Experimentally, we may gradually re- 
turn to the homozygous state of the inbred 
mouse from the heterozygous condition of the 
F, individual by a continual brother-to-sister 
mating. Somewhere in this process of mating, 
it is theoretically possible to imitate the 
polyzygous state represented by man; that is, 
from F, generation onward where Mendelian 
segregation of genetic determiners is at its 
maximum, genetie variability between in- 
dividuals is the rule, and this variability is 
gradually reduced in the succeeding genera- 
tions until the homozygous state is finally 
obtained. 

(8) The homozygous state of the new or 
derived strain is different from those of the 
two strains which originally gave rise to the 
F, outcross, that is, the new strain is unique, 
being made up of some of the unit char- 
acters of each strain and possibly new ones 
(by recombination of genes) not possessed by 
nice of either ancestral stock. 

(9) During this process of return to the 
homozygous state by experimental mice, it 
was found that a great diversity of tumor 
types could be produced by a single sub- 
cutaneous injection of 1 mg. of methyl- 
cholanthrene dissolved in 0.1 cc. of sesame oil, 
when the mice were 60 days old. 

(10) In order to get these polyzygous mice 
to manifest their biologie capacity to give rise 
to a great variety of cancerous conditions, the 
appearance of the tumor at the site of the 
injection of the carcinogen has to be partially 
suppressed or completely inhibited. This has 
been done by genetic selection toward re- 
sistance to the appearance of such local 
tumors. Among these new-appearing types 
are epidermoid papilloma and carcinoma of 
the mouth (upper and lower jaws, inner 
aspect of the cheek, and of the tongue), of 
the nose, the pinnae and auditory meatus, the 
eyelids, on the forehead and various regions 
of the front and hind legs, and on the dorsum 
of the hind foot. Epidermoid papilloma and 
earcinoma of the anus, the penis, the clitoris, 
the vagina, and the perineum also occur fre- 
quently. Fourteen cases of melanotic sarcoma 
arising in the skin and subcutaneous tissues 
have been observed. Hemangioma arising 
locally and in the dorsal posterior peritoneal 
region involving the uterus and mesenteries is 
now of frequent occurrence, Adenocarcinoma 
of the mammary gland and squamous car- 
cinoma of the mammary ducts occur at the site 
of the injected carcinogen at the region of 
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the right third and fourth nipples, as well as 
at any of the nipple regions on the opposite 
side of the body. Liposarcoma and myxo- 
sarcoma now arise locally, in addition to fi- 
brosarcoma, undifferentiated sarcoma, rhabdo- 
myosarcoma, and epidermoid carcinoma, the 
originally appearing local tumors. Internal 
tumors, such as adenoma, adenocarcinoma, 
and bronchiogenic carcinoma of the lungs with 
or without mucin formation, mesothelioma of 
the thoracic wall, adenocarcinoma (186 cases), 
and squamous papilloma and carcinoma of the 
stomach, carcinoma of the liver, leiomyosar- 
coma and leiomyomyxosarconm of the uterus, 
granulosa-cell carcinoma of the ovary, reticu- 
lar-cell sarcoma, and leukemia are among the 
many types of tumors found in the selected 
subline of the NHO© strain injected with 
methylcholanthrene when 60 days old. One 
case of meningioma has recently been found. 
Several liposarcomas have also been obtained 
which apparently arose in the posterior ab- 
dominal region, presumably in the fat tissue 
associated with uterine mesentery. Many of 
the individuals, however, live a normal life 
span without developing any cancer (2-9). 

The leiomyosarcomas of the uterus, 
the liposarcomas of the posterior ab- 
dominal region, the adenocarcinomas 
and squamous carcinoma of the stomach, 
the mesotheliomas of the thorax, and 
the bronchiogenic carcinomas of the 
lungs are particularly malignant 
tumors, metastasizing extensively 
throughout the abdomen and thorax and 
invading local tissues. 

Many of the mice develop multiple 
tumors with malignant characteristics. 
In fact, these mice probably have a con- 
siderably higher incidence of multiple 
malignant tumors than do human 
beings. 

The tendency to develop many of 
these specific types of cancer is selec- 
tively handed down to subsequent gen- 
erations of mice. This finding was de- 
termined early in the experiment when 
the well-known progeny test was ap- 
plied to potential parents. It was found 
that four sublines could be established 
by selection in which only one of the 
three local tumors originally obtained, 
epidermoid carcinoma, fibrosarcoma, or 
rhabdomyosarcoma, would appear in 
the lineally related mice by using the 

same tec hnique of the injection of one 
carcinogen in the same solvent (sesame 
oil) and at the same age (60 days). An- 
other subline was made up of mice which 


lived a normal life span of more than 
650 days without giving rise to any 
malignant lesions, in spite of the fact 
that 1 mg. of methylcholanthrene, which 
is supposed to be an overwhelming dose, 
had been injected subcutaneously at 
60 days (2). 

Two germinal mutations have been 
detected in mice of this selected NHO 
strain receiving methylcholanthrene. 
Both mutations are dominant in in- 
heritance, and — increases suscepti- 
bility to the appearance of the tumor at 
the site of lnjaction : that is, both germi- 
nal mutations have produced physio- 
logic effects which are opposite to the 
trend of cancer resistance being de- 
veloped by genetic selection. One of 
these germinal mutations was on the 
piebald chromosome, the other on the 
X-chromosome (9). 

Two fundamental aspects of the prob- 
lem are presented in this paper: (1) 
The recording of 186 cases of adenocar- 
cinoma of the stomach in mice given a 
subcutaneous injection of 1 mg. of 
methylcholanthrene dissolved in 0.1 ce. 
of sesame oil when they were 60 days 
old. This record includes a description 
of the pathologic lesion, the discussion 
of the gastric lesion in relation to other 
malignant lesions in the same viscus and 
other viscera of the same individual, and 
an outline of the preliminary determi- 
nations on blood hemoglobin and total 
acidity of the gastric contents of mice 
having adenocarcinoma of the stomach: 
and (2) presentation of data on the sub- 
sequent appearance of gastric adeno- 
carcinomas in the descendants of those 
mice that originally developed the same 
lesion following the subcutaneous injec- 
tion of the carcinogen. It is indicated 
that the descendants continued to de- 
velop the same gastric lesions spon- 
taneously, as reported briefly elsewhere 
(10). 

In this paper, no attempt is made to 
cover the literature on adenocarcinoma 
of the stomach. An excellent review 
was given by Klein and Palmer (//). 
Py loric adenocarcinomas were re ported 
by Stewart and Lorenz (2 ?) following 
the injection of the ¢ carcinogen directly 
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into the wall of the stomach. Smith 
(13) recently outlined the problem of 
gastric carcinoma. Many observations, 
of a clinical and chemical nature, on 
human beings suffering from gastric 
carcinoma were published recently by 
Rhoads, Pack, and other members of the 
staff of Memorial Hospital, New York 
City. 


MATERIALS AND METHODS 


Many mice used in this experiment 
were of the NHO descent and belonged 
to the same series as those described in 
previous reports. The NH and NHO 
mice were originally produced by tan- 
dem crosses between mice of the C BA, 
JK, and N inbred strains.2 The idea 
behind the production of the NH and 
NHO strains was to obtain a group of 
mice that would show the greatest pos- 
sible degree of biologic variability with- 
out the interfering incidence of spon- 
taneous tumors. Up to the present time, 
spontaneous tumors have been infre- 
quent in the NH strain, as reported pre- 
viously (7-9). The incidence of all 
types of spontaneous tumors, with the 
exception of those of the lung, is less 
than 1 percent. Bronchiogenic carci- 
noma is the only spontaneous tumor to 
which the NH stock shows any signifi- 
cant susceptibility (starting at 325 days 
of age, and increasing in numbers up to 
30 percent of all mice by 575 days and 
to 42 percent at 675 days). In a very 
small number of these mice, mammary 
tumors, melanotic tumors, leiomyosar- 
coma of the uterus, and leukemia have 
been observed. This low incidence of 
spontaneous tumors in NH mice applies 
only to the descendants of NH mice that 
had never received methylcholanthrene 





?In this paper, as well as in all papers to follow 
in this series, the NH strain (fig. 1) is considered 
to be made up of the original hybrid mice, together 
with 2,000 mice injected with methylcholanthrene 
before selection toward resistance was started, that 
is, all mice from the F, to the Fs generation; NHO 
applies to the descendants of NH mice which had 
Teceive methylcholanthrene and were then sub- 
jected to selection toward resistance to tumors at 
the site of injection. The untreated descendants 
of NHO mice are also known by the same symbols, 
NHO (sublines G and F) 


or any other carcinogen.® The descend- 
ants of NHO mice which had received 
methylcholanthrene over a period of 8 
generations now develop an ever-in- 
creasing number of spontaneous tumors 
of many kinds. The mice obtained from 
the injected parents, grandparents, and 
further remote mice up to 6 generations 
were kept under controlled conditions 
without ever having received any known 
‘arcinogenic chemical or having been 
subjected to any other experimental pro- 
cedure. This increased incidence of ma- 
lignant tumors applies to several types 
of neoplasia. Cystic ovaries and cystic 
glandular hypertrophy of the uterus are 
evidences of hormonal dysfunction in 
mice of this strain, 2 conditions which 
increase in frequency with advancing 
age. Stenosis of the esophagus (14 
and glomerulonephritis (75) are also of 
common occurrence in these mice. A 
case of situs inversus was recently found 
ina NHO mouse. The only other case 
of situs inversus in a colony of 210,000 
mice over a period of 25 years was in a 
CBA mouse, which belonged to one of 
the ancestral stocks from which the NH 
and NHO sublines were derived. 

At 60 days (+1 day) all mice except 
those kept as untreated controls, were 
given a subcutaneous injection of 1 mg. 
of methylcholanthrene dissolved in 0.1 
cc. of sesame oil, on the right side of the 
body. Mice were kept either as breed- 
ers or as nonbreeders on a diet of Nur- 
ishmix, supplemented with a mixture of 
wheat and oats, enriched Bond bread 
soaked in milk, and at intervals washed 
lettuce. Weekly observations were 
made on all animals, and mice were 
killed as soon as it was apparent that 
the local tumor was definitely growing 
or as soon as any disorder appeared, as 
indicated by emaciation, a distended ab- 
domen, ruffled hair, or wheezing. Ne- 


2In addition to the present author, Hooker and 
Pfeiffer, and Kirschbaum have continued mice of 
the original NH descent free from the injection of 
any carcinogen. Kirschbaum’s colony apparently 
has been larger than the one maintained by Hooker 
and Pfeiffer. Kirschbaum reported (in a letter 
dated December 4, 1944) that the “NH animals 
we have here are definitely low cancer.” 
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Ficure 1.—Origin of the original NH strain, and the relationships of the various sublines de- 


rived from it. Controls are being continued in three laboratories. 
divided into two sublines. 
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G and F are untreated descendants of mice of the subline Br-s. 
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GENETIC ANALYSIS OF 


cropsy Was made on every mouse within 
a few hours after death. 

The present survey of tumors in NH 
and NHO mice following the subcu- 
taneous injection of methylcholanthrene 
is based on observations of 4.000 mice 
(2-9). The experiment on the 4,000 
mice (between the F, and F,, genera- 
tions) was divided into 2 parts. The 
first part consisted of observations on 
2,000 unselected mice (NH) _ treated 
with methylcholanthrene. (Every 
mouse of the early hybrid generations 
received an injection of the carcinogen.) 
The second part consisted of observa- 
tions on mice in which selection toward 
resistance to the induction of tumor at 
the site of injection was being carried 
on with 2,000 NHO mice. 

For purposes of testing linkage, the 
hybrid mice of the NHO strain from the 
F,, to F,, generations have been divided 
into five sublines, depending upon the 
coat colors they carry, and in two classes, 
depending on whether they developed 
gastric carcinoma or not. These are 
(1) brown non-agouti, showing a high 
incidence of carcinoma of the stomach 
(both induced with methylcholanthrene 
and later spontaneously), (2) brown 
non-agouti, not showing carcinoma of 
the stomach, (3) pink-eye brown non- 
agouti, (4) brown non-agouti piebald, 
and (5) pink-eye brown non-agouti pie- 
bald. 

In addition to the mice of the NH 
and NHO series, 200 mice (100 females 
and 100 males) of each of 15 inbred 
strains were used (/6). Also many 
mice were obtained by special outcrosses 
in order to investigate the nature and 
linkage relations of the 2 germinal mu- 
tations which were shown to influence 
susceptibility to local tumor appearance 
(9) as well as to test all other linkage 
possibilities. 

Approximately 9,000 mice received 
the same treatment, 1 mg. of methylchol- 
anthrene dissolved in 0.1 cc. of sesame 
oil and injected subcutaneously at 60 
di ays of age. 

At 6-month intervals, groups of 
young NHO mice were separated at 
Weaning age from parents which had 
3855——45 5 
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been injected with methylcholanthrene. 
These young mice were never mated, 
were kept under normal |: aboratory con- 
ditions, and were weighed and examined 
twice weekly. Four of these groups 
(named in sequence G, 1F. 2F, and 3F), 
consisting of 140 mice each, are included 
in this report. Groups of mice were 
killed at periodic times in order to de- 
termine the incidence of spontaneous 
tumors. The survivors were necropsied 
at 610 days. 

To determine hemoglobin and total 
gastric acidity, the following procedure 
was carried out: Mice, both those in- 
jected with methylcholanthrene and the 
controls, were separated from food at 
8:30 a.m. but were permitted access to 
water. At 11:00 a. m., duplicate sam- 
ples of blood were taken from the tail 
following excising of its tip with sharp 
scissors. Hemoglobin was determined 
on the Hellige hemometer (measuring 
tube Wintrobe 14.5 units=100 percent). 
The mice then received subcutaneously 
2 mg. of histamine dihydrochloride dis- 
solved in 0.2 cc. distilled water. One 
hour later, the mice were killed by sever- 
ing the cervical vertebrae. The stom- 
ach was exposed, lifted up with forceps, 
and carefully opened, with sharp scis- 
sors, along the greater curvature near 
the junction of the cardiac and pyloric 
parts. The gastric contents were with- 
drawn into a one-fourth cubie centi- 
meter syringe (calibrated with a column 
of mercury) and placed in 40 ce. of dis- 
tilled water. A necropsy was per- 
formed, and all pathologic lesions were 
saved in Bouin’s fixative for histologic 
preparation. The gastric contents in 
(listilled water were then titrated 
iwainst N/100 sodium hydroxide, 2 
drops of phenolphthalein being used as 
an indicator. The amount of N/100 
sodium hydroxide required to titrate the 
40 cc. of distilled water (determined 
twice daily, once before and once after 
a series of gastric-content titrations) 
was then deducted from the total 
amount. The amount of total acid 
present under these experimental condi- 
tions (probably hydrochloric acid) was 
expressed in terms of the accepted def- 
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inition. No attempt was made at this 
time to determine the free hydrochloric 
acid value of the gastric juice of mice. 
To test the possibility of any affinity 
of the gastric mucosa of mice for 
methylcholanthrene, the following ex- 
periment was performed: One-twen- 
tieth cubic centimeter of sesame oil 
containing one-half milligram of methyl- 
cholanthrene was dropped on the dor- 
sum of mice. As soon as it Was appar- 
ent that the oily material had spread out 
on the surface of the back and down onto 
the sides and that the animals were 
cleaning themselves off, they were killed, 
a few each, at 10-minute intervals be- 
tween 20 and 180 minutes later. The 
stomachs of the mice were exposed and 
examined under ultraviolet light: they 
were then separated from the esophagus 
to the duodenum, split open along the 
greater curvature, and swished back 
and forth in tap water. Again they 
were exposed to ultraviolet light and 
then fixed in 10 percent formalin or kept 
in distilled water. Frozen sections of 
the fixed tissues were made, mounted 


unstained, and examined periodically 
under ultraviolet light. Other gastric 
tissues from mice receiving methylchol- 
anthrene by mouth were kept in 10 
percent formalin for 6 months, during 
which time they were examined peri- 
odically under ultraviolet light. At 
the end of 6 months, the fixed gastric 
tissue was dried on blotting paper and 
put in ether. The ether-soluble mate- 
rial was evaporated to dryness in a 
jet of air and dissolved in sesame oil. 
Six mice of the C3H strain were then 
injected with the sesame oil containing 
the ether-soluble material. 


RESULTS 


The data obtained with genetic se- 
lection toward resistance to the ap- 
pearance of the tumors locally induced 
with methylcholanthrene are shown in 
figure 2. This figure discloses that 
genetic selection significantly lowered 
the incidence of these tumors. Only 
the data on the appearance of tumors 
up to 451-460 days following injection 
of the carcinogen are included since 
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FIGURE 2.—Positive effect of genetic selection toward resistance to appearance of local tumors 
following subcutaneous injection of methylcholanthrene. Age in days is plotted along the 
abscissa, and percentage incidence along the ordinate (data are cumulative in the successive 
age periods). Data are complete for groups 1 to 7, and complete for 8 and 9 only to the points 


indicated. 
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the curves for tumors between 451-460 
and 951-960 days, the survival time of 
the oldest animal, did not shift sig- 
nificantly. Each group consisted of 
500 mice, except group 9, which in- 
cluded 250; the successive groups, 1 
and 2, 3 and 4, and 5 and 6, were com- 
bined, so that each combined group 
includes observations on 1,000 mice 
each. At 361-370 days, the incidence 
of induced local tumors was reduced 
from 92.6 percent in the NH (unse- 
lected) to 59.8 in group 7. At 210 
days, the tumor incidence in the NH 
was 82.5 percent, but in group 9 of the 
NHO selected line it was 15 percent. 
To express this positive effect of selec- 
tion differently: In the original unse- 
lected NH group, it took 22 days to 
increase the percentage incidence of 
local tumors from 40 to 60, whereas in 
group 7, made up of advanced selected- 
to-resistance mice it took 160 days for 
the percentage incidence to increase 
from 40 to 60. In group 1, 372 mice 
of the original 500 developed local tu- 
mors by 250 days. In group 8, follow- 
ing advanced selection, only 209 mice 
developed local tumors following injec- 
tion of the carcinogen by the same 
time, a difference of 163 mice in a total 
of 500, that is, at 250 days, 163 (32.6 
percent) animals of this group had 
their potential induced local tumors to- 
tally suppressed or partially inhibited 
by genetic selection. During this selec- 
tion experiment, the average latent pe- 
riod for the appearance of local tu- 
mors was increased from 159.2 days in 
group 1 to 3064 days in group 8 
(fig. 3). 

With selection toward resistance to 
local tumors, many mice now live 
longer than they did before genetic 
selection was instituted. During this 
longer life span, many animals de- 
veloped benign and malignant lesions 
in their stomachs as well as in other 
viscera. 

As indicated previously, five types 
of neoplastic lesions have occurred in 
the stomachs of selected NHO mice 
following the subcutaneous injection 
of methylcholanthrene (5). These are 
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Figure 3.—Average latent period for the ap- 
pearance of local tumors following sub- 
cutaneous injection of methylcholanthrene. 
Abscissa, successive groups (1 to 8) of 500 
mice each; ordinate, average latent period 
of local tumor. Groups are the same as 
those in figure 2. 


(1) squamous papilloma, (2) carci- 
noma of the forestomach, (3) ade- 
noma, (4) adenomatous hyperplasia, 
and (5) adenocarcinoma. In addition 
to these five types, a hyperplasia of 
the squamous epithelium of the fore- 
stomach, with or without a _ pro- 
nounced keratinization, occurs  fre- 
quently. The last three types arise 
in the pyloric or functional part of 
the stomach of mice. The three path- 
ologic lesions of the pyloric stomach 
were defined as follows: Type 3, 
adenomas. composed of hyperplastic 
columnar cells, heaped up, and resting 
on folds of connective tissue with no 
evidence of invasion through the mus- 
cularis mucosa. They grow either by 
expansion into the lumen of the stom- 
ach or, if pedunculated, into the duo- 
denum. Type 4, glandular or ade- 
nomatous hyperplasi: is that appeared 
as an increase in the epithelial ele- 
ments and a piling up of columnar 
cells without any folding of the un- 
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derlying connective tissue. Type 5, 
adenocarcinomas, diagnosed by the 
wesence of invading atypical glandu- 
ar structures, according to the defini- 
tion of Kautmann, as translated by 
Reimann (17, v. 1, p. G94): 

Progressive invasion of very atypical epi- 
thelial forms from the level of the mucosa 
into the deeper layers of the wall, event- 
ually as far as the serosa, is one of the 
characteristics which distinguish carcinoma 
from the heterotopic gland proliferations in 
chronic gastritis and especially from benign 
glandu'ar neoplasms or adenomas. 

Two hundred thirty-one neoplastic 
lesions arising in the pyloric part of 
the stomach in the selected NHO series 
of mice are included in the present 
study. One hundred eighty-six of 
them are adenocarcinomas. This ma- 
lignant tumor is gradually increasing 
in frequency so that the final absolute 
incidence cannot at present be deter- 
mined. Genetically, the final per- 
centage incidence would assume sig- 
nificance only after the selected mice 
have reached a higher degree of 
homozygosity than they undoubtedly 
now possess (the F,,-F,, generations 
following a cross between mice of the 
CBAN and the JK strain) (2). 

All gastric lesions were ascertained 
grossly by palpation. Tumors of the 
five different types could not with 
certainty, however, be determined by 
this means. The final diagnosis was 
based on an examination of the mi- 
croscopic section. Upon the death of 
the mouse, the entire animal was care- 
fully examimed, and all pathologic 
lesions were identified, described, and 
saved. The stomachs containing pal- 
pable masses, as well as all other 
pathologic tissues, were removed and 
fixed for 24 hours in Bouin's fixative. 
The stomachs were then split longi- 
tudinally with a sharp razor blade; 
half were saved for future reference, 
the other half being prepared for 
microscopic diagnosis. 

All adenocarcinomas avose as local- 
ized polypoid growths near the pylorus 
in gastric glandular tissue. Almost all 
cancers arose on the greater curvature 


of the stomach, but a few arose from 
the lesser curvature. Growth occurred 
either (1) outward, into the lumen of 
the stomach (medullary tvpe) and if 
peduncuiated downward through the 
pylorus into the duodenum in a manner 
similar to the benign adenomas, or (2) 
spreading in all directions along the mu- 
cosa. This spreading growth in many 
cases led to the formation of a circular 
ring of malignant tissue extending com- 
pletely around the pylorus. Stenosis 
took place in this latter type, thus lead- 
ing to the almost complete obliteration 
of the lumen, and to the retention of 
food, hair balls, and even liquid. 
Many mice with adenocarcinomas had 
hair balls in their stomachs. The 
presence of this foreign matter prob- 
ably had nothing or very little to do 
with the production of the neoplasm. 
The evidence is as follows: (1) Hair 
balls are found in the stomachs of 
many mice that never develop a gas- 
tric neoplastic condition: (2) many 
mice with adenocarcinoma of the stom- 
ach have no hair balls or any other 
foreign body in their stomachs; and 
(3) in this series of gastrie carcinomas. 
the number of mice with hair balls in- 
creases with the progressive develop- 
ment of the stenosis produced by the 
spreading growth of the cancer. Thus 
the impression is reached that the pres- 
ence of hair in the stomach is caused pri- 
marily by pyloric obstruction brought 
about by the growth of the cancer. 
Microscopically, the adenocarcinomas 
were composed of well-cifferentiated 
columnar cells, arranged in small, 
closely packed groups or about central 
spaces forming acini, and were present 
in the submucosa, muscularis, and on 
the serosal surface. As a_ result of 
invasion, the stomach wall was usually 
completely disorganized. 
The stroma of the tumors was usually 
scanty but in many cases developed 
along with the growth of the cancer. 
Many of the acini contained bizarre- 
shaped (anaplastic) cells whose cyto- 
plasm was intensively eosinophilic. 
The growth of these anaplastic cells 
Was so pronounced that an invagination, 
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usually pyramidal in shape, into an 
acinus in some cases nearly filled the 
cavity. Invasion of all the deeper lay- 
ers of the stomach wall took place early, 
and metastases into the regional lymph 
nodes, pancreas, and the surrounding 
mesenteries were present In Many in- 
stances. Invasion extending to the 
serosa apparently occurred very early. 
In later stages, cystic and solid masses 
appeared on the surface of the serosa, 
and bulging of the gastric tumors into 
the pancreas was common. In one 
case, the polypoid growth extended 
down the duodenum and up the bile 
duct, but metastases into the liver it- 
self have not as yet been determined. 
Adhesions involving the liver, pan- 
creas, spleen, diaphragm, and adjacent 
mesenteries sometimes were present, 
and metastases of gastric adenocarci- 
noma could be found in them. In 
some lesions, polymorphonuclear leu- 
kocytes had invaded the cancerous area : 
in some the formation of granulation 
tissue was abundant. In many cases, 
the tumor had invaded the granuloma- 
tous lesion. Erosion could also be seen 
on the surface of the tumor growing 
into the lumen of the stomach. The 
accumulation of plasma cells was fre- 
quent in the adipose tissue, especially 
between the stomach and the pancreas 
along the greater curvature. A sub- 
serous mesothelial reaction, similar to 
that described by Lipschiitz and his co- 
workers (78, 19) following the injection 
of estrogens into guinea pigs was also 
apparent. 

Fatty infiltration into the liver was 
common, and sometimes there was a 
similar infiltration into the pancreas. 
A pancreatitis also was present in some 
tumor-bearing animals. 

Intestinalization of the gastrie mu- 
cosa at sites free of cancer was of 
common occurrence. This finding, ac- 
cording to some investigators, is evi- 
dence of gastritis (20, p. 310). How- 
ever, Smith (73) states that according 
to a verbal communication from Drs. 
Warren and Meissner “the intestinal 
type of epithelium is not shown to be 
intestinal but rather an epithelium re- 


sembling the primitive nonspecialized 
entodermal tube.” 

Many of the mice showing one of 
the three neoplastic tumors of the py- 
lorie stomach also showed various 
changes in the forestomach. These 
were either one or the other of three 
lesions: (1) Thickening of the squa- 
mous epithelium with excessive keratini- 
zation; (2) squamous papilloma: or 
(3) squamous carcinoma. Several 
mice had squamous carcinoma of the 
forestomach without showing any 
change in the glandular portion of the 
stomach. 

Data on the number and type of tu- 
mors arising in the pyloric stomach, 
the average latent period, and the 
presence or absence of other lesions in 
the same animal are given in table 1 


TABLE 1.—Pathologic lesions in the stomachs 
of NHO mice following subcutaneous injec- 
tion of methylcholanthrene 
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Total 115 70 27 19 231 





Table 1 discloses that of 231 patho- 
logie lesions in the pyloric part of the 
stomachs of mice, 186 (80.5 percent) 
were adenocarcinomas, 19 (8.2. per- 
cent) were adenomas, and 26 (11.2 per- 
cent) were adenomatous hyperplasias. 
In the first tabulation of these 3 py- 
lorie lesions (5) comparable data 
showed that of 18 mice, 5 (27.7 per- 
cent) had adenocarcinomas. Thus, the 
incidence of the malignant lesion 
(adenocarcinoma) — is apparently in- 
creasing in frequency since its first ap- 
pearance in the experimental animals 
receiving methylcholanthrene (August 
11, 1941). This increase is due in part 
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Ficure 4.—Increased incidence of spontane- 
ous adenocarcinomas of the stomach in 
four successive groups of mice kept under 
control conditions but derived from mice 
that had previously developed adenocar- 
cinomas of the stomach after being in- 
jected subcutaneously with methylcholan- 
threne. Abscissa, time in days; ordinate, 
percentage of mice showing spontaneous 
gastric adenocarcinoma. 


to genetic selection of the descendants 
of mice which conformed to type (the 
presence of adenocarcinoma of the 
stomach in a potential parent). 

The four groups of mice, G, 1F, 
2F, and 3F (approximately 6 months 
apart), raised by and then weaned 
from the experimental animals devel- 
oping adenocarcinoma of the stomach, 
were kept on the control diet without 
receiving any methylcholanthrene. The 
incidence of spontaneous adenocarci- 
noma of the stomach in these mice is 
given in figure 4, which shows that the 
incidence is increasing in frequency in 
the successive groups. In the last group, 
3F, the malignant gastric tumor was 
observed in 53 percent of all mice 
killed between 551 and 600 days of age. 
Figure 4 shows that not only is the 
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Figtre 5.—Incidence of gastric adenocarci- 
noma in experimental methylcholanthrene- 
injected mice (short-dash line) and their 
untreated descendants (solid line). Ab- 
scissa, time in days; ordinate, percentage 
of mice showing gastric adenocarcinomas. 


tumor increasing in frequency in the 
later ages but also is appearing earlier 
in life. 

A comparative incidence of adeno- 
carcinoma of the stomach in the origi- 
nal experimental animals receiving a 
subcutaneous injection of the carcino- 
gen at 60 days and in their untreated 
descendants (groups added together) 
is given in figure 5. It is obvious that 
one of the effects of the injection of 
methylcholanthrene into mice is the re- 
duction of the latent period before the 
appearance of gastric adenocarcinoma. 

The hemoglobin determinations ob- 
tained with mice with gastric carci- 
noma are compared with those for 
the controls in figure 6. Between 148 
and 600 days of age there is a gradual 
diminution in hemoglobin in both male 
and female normal mice. The females 
of the NHO strain show a slightly 
higher value than do the males of the 


FictuReE 6.—Hemoglobin determina- 
tions for control mice of the NHO 
strain (females, solid line: males, 
short-dash line) and mice of the 
same strain showing gastric adeno- 
earcinoma (isolated dots). Ab- 
scissa, age in days; ordinate, he- 
moglobin in grams percent. 
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same strain at the same age. Mice 
having gastric carcinomas show on the 
average a lower hemoglobin value, al- 
though there is some overlapping with 
the controls. 

Other data on hemoglobin determi- 
nations are given in table 2. Only 
mice between 570 and 616 days old are 
included. The table discloses that in 
both adenocarcinoma of the stomach 
and adenocarcinoma of the lung there 
is a reduction in hemoglobin but that 
there is a greater reduction in hemo- 
globin in mice with the former. (In 
this study, only mice with approxi- 
mately the same amount of malignant 
tissue and in the same physical condi- 
tion are included.) There is a greater 
effect on reduction of hemoglobin in 
mice with leukemia than in those hav- 
ing either of the other two pathologic 
conditions. 


TABLE 2.—Hemoglobin determinations for 
mice of the NHO strain 








Contro . 
Hoe I Mice with— 
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The average total acidity of the gas- 
tric contents for both the controls and 
the mice having gastric carcinoma is 
given in figure 7. In both classes there 
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Ficure 7.—Total acidity of gastric contents 
of NHO mice: controls, solid line; mice 
with gastric adenocarcinoma, short-dash 
line. Abscissa, age in days; ordinate, to- 
tal acidity expressed as cubic centimeters 
of N/10 sodium hydroxide necessary to 
neutralize 100 ce. of gastrie juice. 


is a gradual reduction in total acidity 
with advancing age between 272 and 
600 days. The mice with gastric car- 
cinoma show on an average a hypo- 
acidity amounting approximately to 
the total-acid equivalent of 50 cc. of 
N/10 sodium hydroxide per 100 cc. of 
gastric juice. Four mice with gastric 
carcinoma had an achlorhydria as well 
as anacidity; one had a hyperacidity 
of the gastric contents (not repre- 
sented in the figure). In normal mice, 
the volume of gastric juice elicited 
with histamine dihydrochloride grad- 
ually diminishes with advancing age. 
The amount of gastric contents ob- 
tained from mice with gastric carci- 
noma is usually greater than that 
obtained from controls. This accumu- 
lation of liquid in the stomach of mice 
showing adenocareinoma may be due to 
partial obstruction of the pylorus by 
the growth of the tumor. 

Figure 8 gives the average total- 
acidity determinations for control mice 
and those with gastric carcinoma. 
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Figure 8.—Data similar to those in 120 
figure 7 on gastric acidity of NHO 
mice: Controls, solid line: mice 
with gastric adenocarcinoma, 80 
isolated dots. 
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There is some overlapping between the 
experimental and control groups, but 
it is apparent that the values for the 
former are lower than they are for the 
latter group. 

The washed-out stomachs of mice re- 
ceiving methylcholanthrene by mouth 
retain indefinitely a blue fluorescence 
characteristic of methylcholanthrene. 
The frozen sections also retain a blue 
fluorescence. Only the pyloric portion 
of the stomach shows this character- 
istic fluorescence, the forestomach re- 
maining entirely unaffected, 

Five of the six C3H mice injected 
with the fluorescent material from the 
washed stomachs of mice receiving the 
carcinogen developed fibrosarcoma at 
the site of injection m an_ aver: 
latent period of 85 days. Thus it may 
be said that the cells in the pyloric 
portion of the stomach of a mouse take 


ige 
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strains (100 females and 100 males of 
ach strain) injected with 1 mg. of 
methylecholanthrene when 60 days old, 


only 14 showed gastric lesions. The 
data are given in table 3. Seven of 
the fourteen lesions were found in 


mice belonging to the strains that were 
used inthe production of the NH and 
NHO sublines. 3 in strain N mice, 3 
in strain 


CBA. and 1 in a CBAN 
mouse. None of these tumors showed 
evidence of invasion. 

Five gastric lesions also occurred 
spontaneously in strain N mice. The 


data on these mice are also given in 
table 3. 

Seven of ten mice (70 percent) be- 
longing to two litters obtained from a 
single pair of mice of the F,, genera- 
tion developed adenocarcinoma of the 
stomach following the subcutaneous 
injection of methylcholanthrene. Data 








up and retain some methylcholan- on these mice, together with those for 
threne. their parents and grandparents, are 
Of the 3.000 mice of the 15 inbred eviven in table 4. 
TABLE 3.—Gastric lesions arising in inbred strains of mice injected with methylcholanthrene,' and 
spontaneous gastric lesions in strain N mice 
LESIONS INDUCED WITH METHYLCHOLANTHRENE 
: Latent 
Stock Mouse No.' Sex period | Local | Lung Gastric pathology 
in days 
{ 74 M 378 - — | Squamous carcinoma of forestomach. 
CBA 167 F 489 - — Squamous carcinoma and leiomyosarcoma. 
| 207 M 471 _ — Squamous carcinoma and leiomyosarcoma. 
CBAN 37 F 351 _ — Squamous carcinoma of forestomach. 
{ 145 F * 24 - — | Adenomatous hyperplasia. 
CHI 160 M 4 — + Squamous carcinoma of forestomach. 
| 198 F 50S - + Squamous carcinoma, metastasized behind kidney: metas- 
tasized to diaphragm. 
FC f 57 M 444 = - Squamous carcinoma; extensive metastases. 
\ “4 F 404 -- — | Squamous carcinoma; extensive metastases. 
; f OD M 297 + + | Squamous carcinoma of forestomach. 
\ 76 F 263 — — | Squamous carcinoma with metasteses to regional lymph 
nodes. 
j 33 563 - + | Adenomatous hyperplasia. 
47 F Ayy + — | Adenomatous polyp: epidermoid carcinoma. 
| 63| M 351 + — | Adenomatous hyperplasia. 
SPONTANEOUS 
‘ - — 
168048 M 611 - — | Adenomatous hyperplasia. 
169081 M 436 -- — do. 
ISO 186 M 525 ~ - Do. 
S f Do 
3638 - — , 
183639 M 414 \Papilloma of forestomach. 
187937 M 375 _ — | Adenoma. 





1 From a total of 


3,000 mice (100 females and 100 males each of 15 inbred strains 
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TABLE 4. 


--Adenocarcinomas of the stomach in mice belonging to 2 litters derived from a single pair 


of mice of the Fi generation 





Generation Mouse No Sex Latent 





Pathologic lesions 


period cad yy 
Local Lung Stomach 
Days 
{ 178038 F 378 Squamous carcinoma 
F of mammary gland. 
| 178039 M 161 Fibrosarcoma 
| 182524 F 143. Squamous carcinoma 
Fu of mammary gland. 
| 182525 M 261 + Fibrosarcoma..- 
183752 F 283 ; Bronchiogenic  carci- 
noma. 

183753 M 445 Adenocarcinoma invasion be- 
yond muscularis. 

183754 M 184 | Fibrosarcoma Adenocarcinoma Adenocarcinoma invasion be- 
yond muscularis. 

184810 F 185 Epidermoid carcinoma 

184811 F 204 +Fibrosarcoma Adenocarcinoma; 2 metas- 
tases in regional lymph node 
adhering to liver. 

184812 M 192 do Adenocarcinoma invasion to 

E serosa bulging toward pan- 
p | creas. 

184813 M 158 do Adenocarcinoma invasion in- 
to submucosa. Thicken- 
ing squamous epithelium, 
squamous papilloma of 
forestomach. 

184815 F 91 | Epidermoid carcinoma 

184816 M 147 -Fibrosarcoma Adenocarcinoma, invasion 
through muscularis mu- 
cosa. 

IS4817 M 178 ..do Adenocarcinoma, adhesions 


to pancreas and liver. 





DISCUSSION 


Cancer of the stomach in mice is in 
many particulars very similar to that 
of the same organ in man. Both 
lesions are made up of well-differenti- 
ated columnar cells, which arise in the 
gastric mucosa, undergo rather pro- 
nounced anaplastic changes, invade all 
layers of the stomach below the mu- 
cosa, and metastasize to the regional 
lymph nodes and into the surrounding 
viscera. The two neoplasms differ in 
the fact that in human beings the can- 
cerous process metastasizes rather free- 
ly into the liver whereas in mice no 
such process has as yet been found. 
Gastric cancer in mice, however, metas- 
tasizes frequently to the regional 
lymph nodes, into the pancreas, and 
down the intestinal mesentery. The 
characteristics of invasive growth and 
metastatic formation which these gas- 
tric tumors in mice show are evidences 
of malignancy. 

The NHO mice (Br-s subline) pos- 
sess a characteristic not present in any 
of the mice of the ancestral stocks that 


633855—45 + 


gave rise to them (by hybridization 
and selection). Genetically, this fact 
could be explained by assuming com- 
plementary factors, some genes coming 
from one ancestral stock and other 
factors from one of the other original 
stocks. However, the genetic complex 
responsible for the transmission of this 
characteristic is probably not of this 
assumed complex nature. Linkage 
tests are not complete as yet, but suf- 
ficient evidence is already available to 
indicate that a single major gene inher- 
ited as a dominant and carried on the 
brown tagged chromosome is chiefly 
if not entirely responsible for the devel- 
opment of gastric cancer in mice, 

The following data are available at 
present : 

All adenocarcinomas of the stomach 
in the selected, to local-tumor-resistant 
NHO mice (following the subcutane- 
ous injection of methylcholanthrene) 
and in their untreated lineal descend- 
ants were found in brown non-agouti 
mice. Most of these were obtained in 
one descent only (Br-s subline). Re- 
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cently gastric tumors have been ap- 
pearing in the other brown non-agouti 
subline referred to previously (Br 
subline). The second subline is only 


distantly related to the Br-s subline. 
Between the two were eight genera- 


tions of mice free of gastric carci- 
nomas. In view of the dominant nature 
of gastric carcinoma in inheritance, 
this finding assumes great significance. 
Eight mice of the Br-s subline (brown 
non-agouti) showing gastric adenocar- 
cinoma were outcrossed to mice of the 
C57 strain (black non-agouti). Five 
of these Br-s mice produced 79 F, 
mice, which were all black non-agouti, 
and of which 71 showed gastric car- 
cinoma after the subcutaneous injec- 
tion of methyleholanthrene. Two hun- 
dred eleven F, mice were produced 


P, bs bs 
Brown with gastric 
carcinoma 
F, bs Bs 
Black with gastric 
carcinoma 
Fz bs pbs bS Bs bs 


Black with 
gastric 
carcinoma 


Brown with 
gastric 


carcinoma 


On the other hand, 3 of the orig- 
inally treated mice (NHO strain Br-s 
subline) showing gastric cancer when 
outerossed to C57 mice have produced 
62 F, mice, only 26 of which developed 
gastric carcinoma. The F, obtained 
when 1 of the F,’s with gastric car- 
cinoma was mated to an F, mouse not 
showing the gastric tumor consisted of 
92 black mice not showing gastric car- 


P, bs bs 
Brown with gastric 
carcinoma 
F, bs Bs 
Black with gastric carcinoma 
F: Bs Bs BS bs 


Black normal slack normal 


All F, black mice showing gastric 
carcinoma (18 tested) have been 
shown to be heterozygous for brown. 

These data also are consistent with 
the suggestion that gastric carcinoma 
is brought about by the action of a 


Black with 
gastric 


earcinoma 
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from these F, mice. The classes ob- 
tained in the F. were: 51 brown non- 
agouti mice, 45 of which developed 
gastric adenocarcinoma: 105 black 
non-agouti mice showing gastric car- 
cinomas; and 55 black non-agouti mice, 
none of which developed this lesion. 
All F, black non-agouti mice with gas- 
tric carcinoma tested, 22, have been 
proved to be heterozygous for brown. 
All F, black agouti mice free of gas- 
tric carcinoma (12 tested) have been 
proved to be homozygous for black. 
These data are consistent with the hy- 
pothesis that gastric adenocarcinoma 
is brought about by the action of a 
single dominant gene carried on the 
brown tagged chromosome according 
to the following scheme: 
Bs Bs 
Black (C57) normal 


BS Bs BS 


Black normal 


cinoma, 42 black mice with the tumor, 
and 36 brown mice, 34 of which de- 
veloped gastric carcinoma. 

According to a genetic analysis, this 
distribution can be explained on the 
basis that the three mice (NHO strain 
Br-s subline) tested were heterozygous 
for the gastric-carcinoma gene on the 
brown chromosome as follows: 

BS 


C57 black normal 


>< 
3s 


bs’ Bs 

Black normal 

bs Bs bS bs 

Black with Brown with 
gastric gastric 


carcinoma carcinoma 
single dominant gene carried on the 
brown tagged chromosome. 

The ideal genetic analysis of link- 
age by a backcross to the double re- 
cessive condition is not yet possible. 
This is due to the fact that a repul- 
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sion experiment had to be set up (one 
recessive from one parent and the 
other from the second parent), and 
consequently the F,, generation had to 
be resorted to. So far no crossing 
over between the brown gene and the 
gastric-carcinoma gene has been de- 
tected. If this occurs, further work of 
a genetic nature will be made possible. 

In view of the evidence already pub- 
lished that methylcholanthrene has 
initiated two germinal mutations that 
alter or influence cancer or a suscepti- 
bility to cancer, it is probable that 
another germinal mutation, underlying 
the production of adenocarcinoma of 
the stomach in mice, has somehow or 
other been brought about by the sub- 
cutaneous injection of methylcholan- 
threne (9). 

But in addition to an assumed ger- 
minal mutation that is called for in 
order to explain the inheritance of 
gastric carcinoma or a_ susceptibility 
thereto in the descendants of mice 
bearing methylcholanthrene-induced 
gastric carcinoma, there is the fact 
that methylcholanthrene in sesame oil, 
administered subcutaneously when the 
animals are 60 days old, continues to 
have some influence on the conversion 
of gastric mucosa into a malignant 
eancer. This conclusion is based on 
the fact that the latent period for gas- 
tric carcinoma in mice was reduced 
from 570 days (average age for de- 
veloping spontaneous adenocarcinoma 
of the stomach) to 200 days (fig. 
after the subcutaneous injection of 
methylcholanthrene. Gastric adenocar- 
cinoma, benign adenomas, and ade- 
homatous hyperplasias arise in mice 
that have received the same treatment. 
The relationship, if any, between these 
different neoplastic conditions is not 
clear. It is highly probable that the 
tendencies to develop the benign lesions, 
adenomas and adenomatous hyperpla- 
slas, were derived from the mice of the N 
stock, one of the ancestral strains used 
to produce the NH and NHO strains, 
since both conditions occur, although 
rarely, in strain N mice both spon- 
taneously and under conditions in- 


fluenced by the presence of methyl- 
cholanthrene. The evidence is not 
available to determine definitely how 
methylcholanthrene acts in converting 
gastric mucosa into cancer. There are 
three possibilities: (1)That it acts 
upon an adenomatous tissue; (2) that 
it acts upon an aberrant mucosa, 
which may or may not be reflected in 
the histologic appearance of the tissue 
(such as gastritis); or (3) that it acts 
upon pre-existing normal mucosa. It 
is a generally accepted opinion that the 
carcinogens bring about malignancy 
we a direct effect upon tissues them- 
selves. One interpretation of the 
present evidence would be that the 
methylcholanthrene has probably initi- 
ated a somatic mutation in either nor- 
mal or aberrant gastric mucosa and 
that the malignant condition is the re- 
sult of this change in the genetic 
constitution of mucosal cells. 

It is further evident that methyl- 
cholanthrene has also been responsible, 
to a certain extent at least, in bringing 
about a germinal mutation that causes 

cancer of the stomach or a susc eptibil- 
ity to the development of gastric car- 
cinoma, that is transmitted to the 
succeeding generations of mice and 
arises spontaneously. Thus the effect 
of methylcholanthrene would be two- 
fold: (1) On the genetic entity within 
the constitution of gastric mucosal cells 
that brings about a conversion of 
somatic tissue into gastric carcinoma; 
and (2) another change (germinal 
mutation) on the compar able genetic 
entity of the germ plasm responsible i in 
some manner or other to the histologic 
or physiologic characteristics of gastric 
mucosa. This concept, involved as it is, 
would explain the facts presented in this 
paper without having to fall back upon 
the old Lamarckian principle of the in- 
heritance of acquired characters (that 
is, that somatic changes occur first, and 
that they in turn affect or produce 
changes in the germ plasm). 

The present investigation has opened 
up the problem of the production of 
gastric carcinoma in mice. The funda- 
mental principles involved should lead 








to the production of many other ma- 
lignant conditions necessary for the 
further study of cancer in experi- 
mental animals, The application of 
the facts of this investigation to the 
broader fields of biology is clearly in- 
dicated. Finally, the data suggest 
that methylcholanthrene (and perhaps 
other carcinogens) may be added to 
X-rays and ultraviolet light, sub- 
stances that both induce malignant 
changes in somatic tissues and bring 
about mutations in the germ plasm. 
For the present, however, the evidence 
points to the conclusion that the ef- 
fects of methylcholanthrene upon so- 
matic tissue as well as upon the germ cell 
may be in the direction of malignant 
changes or an increased susceptibility 
to them. That is. the effect of this 
carcinogen may be even more selective 
in action than is ultraviolet light. 

An alternative explanation for the 
observed hereditary transmission of 
gastric cancer or a_ susceptibility 
thereto in mice would be that the ger- 
minal mutation occurred  spontane- 
ously. Statistically. the sporadic oc- 
currence of a mutation, even though in 
an experimental animal, may be of a 
spontaneous nature. In this paper, 
emphasis has been placed on the data 
obtained with gastric cancer, primarily 
for the purpose of presentation to a 
symposium of gastric carcinoma, Sim- 
jlar observations on the transmission 
of other types of tumors induced with 
methylcholanthrene are also being ob- 
tained. The wealth of the data pos- 
sible is handicapped not by the spe- 
cific types of tumors obtained with 
methylcholanthrene but by the limita- 
tions of the physical equipment of the 
laboratory, the personnel, and the time 
to support the necessary animals. In 
the laboratory maintained by the au- 
thor for 26 years, only 8 visible muta- 
tions have arisen in a colony of 210,- 
000 mice (mutation rate 1 in 26250 
mice). During the past year, 4 ob- 
vious mutations and several suggestive 
ones have appeared in 1,500 mice fol- 
lowing the injection of methylcholan- 
threne (mutation rate 1 in 375 indi- 
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viduals), Statistically. this finding is 
highly significant, and lends support to 
the conclusion that the mutation was 
initiated or influenced by the presence 
of methylcholanthrene. 

It may be pointed out also that no ob- 
vious germinal mutations arose in the 
experimental animals until after they 
were exposed to the carcinogen for five 
generations. Whether this is an influ- 
ence on the phenomenon of germinal 
mutation is not clear. It is also a 
valid opinion that the mice of the 
NHO strain may be peculiarly suscep- 
tible to biologic variability, a charac- 
teristic they may have inherited from 
their CBA origin. The two strains 
were developed with genetic selection 
toward resistance to early appearing 
neoplasia. The main difference be- 
tween mice of these two strains is that 
CBA mice give rise to a multiplicity 
of spontaneous tumors although in 
very small numbers. whereas the NHO 
mice, when treated with methyleho- 
lanthrene, give rise to a multiplicity 
of tumors throughout the body. This 
wealth of neoplasias is far greater 
than the kinds of tumors obtained 
with mice of all the strains used in 
their development, not only under 
spontaneous conditions but also follow- 
ing the injection of methylcholan- 
threne. 

The NHO mice have acquired a new 
characteristic, cancer of the stomach, 
following the subcutaneous injection 
of methylcholanthrene, and this newly 
acquired characteristic is transmitted 
to succeeding generations in such a 
manner that gastric cancer arises spon- 
taneously. 


SUMMARY 


Two hundred thirty-one pathologie 
lesions were obtained in the pyloric 
part of the stomach of mice following 
the subcutaneous injection of 1.0 mg. 
of methylcholanthrene dissolved in 0.1 
ec. of sesame oil, when the animals 
were 60 days old. Of these, 186 were 
adenocarcinomas, 19 were adenomas, 
and 26 were adenomatous hyperplasias. 
These gastric tumors occurred singly 
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or in association either with malignant 
changes in the forestomach or with 
malignant changes in other parts of 
the body (locally appearing epider- 
moid carcinoma or fibrosarcoma and 
adenoma or adenocarcinoma or bron- 
chiogenic carcinoma of the lungs). 

The gastric tumors appeared in 
strain NHO mice only after the origi- 
nally early appearing local tumors were 
partially suppressed or completely in- 
hibited by genetic selection toward re- 
sistance. With the demonstration of the 
processes of invasion and metastases, 
these cancers in mice must be considered 
malignant. 

The untreated descendants of the 
mice developing adenocarcinoma of 
the stomach after the subcutaneous in- 
jection of methylcholanthrene continue 
to develop this lesion spontaneously. 

The concept is developed that the 
action of methylcholanthrene on the 
production of malignant lesions may 
be of a twofold nature: (1) The con- 
version of gastric mucosa into cancer: 


and (2) the production of a germinal 
mutation in a genetic entity which in 
some manner or other underlies certain 
morphologic or physiologic character- 
istics of gastric mucosa. 

The suggestion is made that methyl- 
cholanthrene may be added to X-rays 
and ultraviolet light, agents which 
not only bring about certain changes 
in somatic tissues that lead to a ma- 
lignant condition but also induce ger- 
minal mutations. 

The action of the carcinogen, how- 
ever, may be even more selective than 
either of the other two agents, since 
the present data demonstrate somatic 
and germinal changes in relation to a 
specific malignant lesion (gastric can- 
cer in mice). 

The possibility is that the germinal 
mutation may have been of spon- 
taneous origin. Statistically, however, 
the evidence is in favor of a mutation 
that was influenced by the presence of 
methylcholanthrene. 
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Dr. Strong added the following: 

This last week I have obtained black 
mice from a pair of brown mice; in 
other words, the brown gene has ob- 
viously mutated to the dominant black 
gene. The gene that determines the 
color of brown mice is carried on the 
same chromosome that carries the gene 
responsible for the transmission of 
gastric cancer or a_ susceptibility to 
gastric cancer. 


DISCUSSION 
Chairman Rhoads: This has raised 


a large number of questions on cancer 
and on genetics certainly. We shall 


have to stop now and take this up 
after luncheon 
AFTERNOON SESSION 

(Dr. Fred W. Stewart, Memorial 
Hospital, presiding) 

Chairman Stewart: We have the 
(liscussion to finish on the last paper 
this morning. Dr. Smith has made 
some changes in the discussion, and 
since he thought that Dr. Little was 
not going to be here, he asked Dr. 
Jones to open the discussion on Dr. 
Strong’s paper. 

Dr. Jones: Mr. Chairman, aside from 
the medical aspects of this paper, it has 
very great interest to geneticists. In 
fact. 1 might say that just the mention 
of the words “inheritance of acquired 
characters” is provocative. 

Now let us restate briefly the im- 
portant facts, as I see them, in this 
paper. In talking with Dr. Strong, I 
understand that in his laboratory in 
the large series of mice with which he 
has worked, he has obtained 8 visible 
mutations in something like 210,000 
mice, that is, a mutation rate of visible 
characters that can be identified, of 
1 in 26,000. 

In the strain derived from the 
animal that showed the cancerous con- 
dition in this treated material, in addi- 
tion to the mutations he has men- 
tioned, there are 4 visible mutations, 
comparable with the others, in a total 
of 1,570 mice, or 1 in 400. 

This difference, 1 in 26,000, which 
is a low rate comparable with other 
variable, known materials, can be con- 
trasted with the rate of 1 in 400. 
There is no question as to the statis- 
tical significance of those findings and 
of their importance. Now, as to their 
interpretation, of course, there will be 
a great deal of discussion. Dr. Strong 
has mentioned, and you are familiar 
with the fact, that there are physical 
agents, particularly radiant energy, 
which can induce heritable changes. 
There is almost no satisfactory case of 
a chemical agent’s inducing heritable 
changes, 
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The alternative interpretation of 
this, one possibility that must be con- 
sidered and one Dr. Strong must de- 
fend, is that in this highly het- 
erozygous material that he has de- 
veloped by crossing and recombina- 
tion, a genetic condition has been 
brought about in which the treatment 
has lowered the threshold so that the 
genetic condition can show up. Hav- 
ing once been started, the strain has 
become identified and established, and 
further selection has strengthened that 
condition by recombination and has 
built it up to a point where it can 
show itself under normal condition, 
that is, without the treatment. 

Dr. Strong has already mentioned 
the fact that this interpretation would 
require an extensive series of sub- 
sidiary modifying factors and the fact 
that he has obtained by linkage evi- 
dence that there are relatively few 
major genes, perhaps only one major 
gene, involved, tends to offset this ex- 
planation: but it must be viewed from 
that standpoint, and the fact that all 
the mutations he has in that one strain 
trace back to one individual, although 
many other lines were also treated, 
must be considered. If there is an 
induced change, why did not the treat- 
ment induce it in other lines? In 
other words, his evidence does not 
show statistically that this can be dif- 
ferentiated from a coincidental change 
which might have occurred in this 
material. 

All the genetic evidence shows that 
the heritable material in the chromo- 
somes, and most, if not all of it, is 
there, not only is effectively insulated 
against the external and the internal 
environment that may be developed in 
the organism itself but also is insu- 
lated against the other germinal ma- 
terial in the chromosomes. 

Very recently, evidence has come to 
the forefront that there is an effect 
of genetic materials within the chromo- 
somes upon each other. This evi- 
dence has been derived from instances 
where the chromosomes are broken, 
and the raw ends, after being taken 


apart, are put together in a new com- 
bination or combinations. In other 
words, this very potent material is 
being subjected to a situation to which 
it is not normally exposed. These 
changes have brought about heritable 
conditions that are visible and trans- 
missible as long as the material re- 
mains in a particular combination. 
When a further break at that point 
shifts the chromatin to a new location 
or returns it to the normal, original 
condition, the effect disappears. All 
these findings come under the head of 
position effects and have an important 
bearing on this problem, because we 
have evidence in other material that 


growth changes are associated with 


breaks and recombinations of chromo- 
somes. Further evidence shows that 
the effect does not necessarily coincide 
with the actual point of breakage but 
may be manifested at considerable dis- 
tances from this point. In these car- 
cinogenic chemicals we have a kind of 
substance that can get into cells very 
quickly and not kill them, and that is 
just the kind of material that would 
effect some such heritable change as 
this; and I think it is particularly im- 
portant to study these newer findings 
in relation to position effects. 

It is a change largely in the physi- 
cal structure of the chromosomes 
whereby these effects are manifest. 
You might find it useful, to take a 
very crude illustration, to compare it 
with an accordion where, under nor- 
mal conditions there is a more or less 
even, balanced pressure. As you 
change the pressure at any one point, 
you may have an effect on the folds of 
the accordion at other places. That 
seems to be something of the way the 
chromosomes work in this connection. 

Dr, Little: Mr. Chairman, I am glad 
that Dr. Jones could be here because he 
has pointed out some extremely im- 
portant and interesting phases of this 
particular question. 

Before referring to one or two of 
them, I should like to say that I think 
this work of Dr. Strong’s is extremely 
valuable not only for its detailed re- 
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sults but also because of the very 
clever methods he used, the making of 
a largely heterogeneous population 
and then selecting away from the local 
effects of the carcinogen and making 
it possible for the other effects to show 
themselves later. This is a distinct 
advance in technique, one that can be 
used by all of us in the future. and as 
a matter of fact it might be interest- 
ing now to reverse in a way, if one 
could, this stomach-cancer material to 
see whether by negative selection he 
can select towards some other site in 
that. material. 

I should like to point out the fact 
that while at the outset he made this 
material, like human beings, as hetero- 
geneous as possible, it had to be aban- 
doned immediately as soon as he tried 
to analyze it. You will notice it is by 
a sorting-out process which he made that 
something new happened. It doesn’t 
mean, therefore, that he made the ma- 
terial heterogeneous to simplify his 
problem. He very intelligently made 
his problem more complex first and 
then picked the new elements out of 
it and created something which has now 
become simple again by selective 
breeding and inbreeding repeated once 
more, 

The character itself, it seems to me, 
is of tremendous importance. One 
little thing strikes me as being per- 
haps not of significance. The brown 
chromosome is the chromosome which, 
according to the studies of Greene 
some years ago, was correlated with 
differences in body size and in normal 
growth in various strains of mice. 
Greene was unable to find any single 
gene located on that chromosome that 
affected the body size of mice, but he 
did find that associated with the brown 
gene there were certain size differences 
which were significant. Greene used 
this finding as the basis for the first 
genetic interpretation of size in mam- 
mals, based on linkage and defended 
himself against various other inter- 
pretations that were afterwards ad- 
vanced, 

Inasmuch as body size is a matter 


of the speed of cell division, as has 
been shown in rabbit embryos, the 
amount of division in a given period 
may well be of significance. It cer- 
tainly is of interest that in Dr. 
Strong’s work the chromosome affected 
by this growth-influencing genic ef- 
fect is the same one that Greene found 
normal growth to be associated with 
in some degree. 

The big question of somatic muta- 
tion is one that continually comes into 
the interpretation of the origin and 
nature of cancer, It seems to me that 
this material is also unique and very 
promising in the opportunity it af- 
fords to study the relationship be- 
tween possible germinal mutation and 
somatic mutation since there appears 
to be a parallel effect not present in 
most other material. 

In general, the work of Dr. Strong 
also shows, I think, that many other 
geneticists have been rather unimag- 
inative and have not been venture- 
some in trying to induce mutation 
with a number of these agencies, the 
various chemical agents that influence 
not total growth but the way in which 
the cell divides. In other words, of 
all the agents that might be expected 
to change a germ cell basically, it 
seems to me these chemical agents that 
do change the very nature of a so- 
matic cell might be the ones most 
likely to give positive results. It 
would seem, therefore, that a large 
series of experiments with different 
carcinogens on different strains, under 
different circumstances, with differ- 
ent physiologic thresholds produced in 
the animals by the artificial creation 
of endocrine imbalance in these ani- 
mals may well furnish a clear test of 
how much there can be done to an- 
alyze mutation. 

There ought to be an _ immense 
amount of experimental work to fol- 
low up this sort of problem. It ought 
not be confined to one man, or one 
institution, or one group. It is a 
break in the line; it is a suggestive 
lead into which we ought to pour 
resources; it is a promising field, and 
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the chance of finding a mutation-pro- 
ducing agent among these carcinogens 
looks better since Dr. Strong’s work. 

One other thing, and I am through. 
In transplantable tumors, when the 
genetic relationship to their host is de- 
termined and reduced to a_ certain 
number of Mendelian factors, it is 
common experience that mutation oc- 
curs. The tumor becomes less specific ; 
it may show an eight-factor ratio 
when it starts: it often drops to per- 
haps a six-factor, or five-factor ratio. 
This is interesting in that it shows 
again a tendency to mutate on the part 
of the cancerous tissue which far ex- 
ceeds the normal mutation rate of 
ordinary tissue. There is no evidence 
whatsoever, so far as I know through 
transplantation of normal tissue where 
ordinarily there is a high degree of 
specificity, that those normal tissues 
become less specific. In a neoplasm 
when it is transplanted, if specificity 
is lost by a series of mutational steps, 
I am wondering whether that may not 
also have some essential relationship to 
germinal mutation, to somatic muta- 
tion in the individual cell, and the 
whole question of carcinogenesis. I 
think Dr. Strong is to be congratu- 
lated on having done a most stimulat- 
ing and most fascinating piece of 
work. 

Dr. Burn: T certainly am not qual- 
ified to discuss the genetic phase of 
Dr. Strong’s paper, although it has 
interested me greatly to learn of the 
extreme influence that mixed breeding 
actually has on the tissues of these 
hybrid mice and its relationship to the 
development of a large variety of 
tumors. 

I had the opportunity this summer 
of reviewing some of the interesting 
tumors that developed in Dr. Strong’s 
colony of mice. I spent a very in- 
teresting time studying the sections of 
a large variety of tumors that he had 
obtained. The neoplasm that inter- 
ested me greatly was the gastric car- 
cinoma which developed in a_ very 
high percentage of his mice. Owing 
to a high degree of differentiation in 


most of these tumors, the question 
arose whether they could be consid- 
ered as malignant carcinomas or 
whether they are parts of mucosal 
glands enmeshed in a chronic inflam- 
matory reaction of the stomach wall, 
or finally whether they were actually 
aberrant or misplaced gastric mucosal 
glands of some type. I am convinced, 
after studying these lesions, that they 
are actually adenocarcinomas of the 
stomach mucosa, for they seem to meet 
the morphologic criteria of malig- 
nancy. I found that there was def- 
inite evidence of epithelial change both 
in their staining characteristics and in 
alteration in their size and shape of 
the cells. There was invasion of the 
tumor cells below the basilar mem- 
brane into the submucosa, muscularis, 
and even to the serosal coat of the 
stomach. Furthermore, in some of the 
mice there was definite invasion of the 
regional lymph nodes by the tumor. 

Tumors of a benign type were also 
present. These were characterized 
chiefly by polypoid adenomatous ap- 
pearances without invasion into the 
surrounding — structures. Sometimes, 
these tumors would grow into the lu- 
men of the stomach and would tend to 
obliterate the pyloric end. In several 
instances, I believe, there was a malig- 
nant change in these polypoid epi- 
thelial growths. Similar benign tu- 
mors have been described by Stewart 
as being found in the mucosal lining 
of strain I mice, which I believe were 
originated by Dr. Strong. I should 
like to ask Dr. Strong whether the 
present strain of mice in which these 
malignant tumors developed are re- 
lated to the strain I mice described by 
Stewart. 

I was particularly interested in ob- 
serving whether the gastric mucosa of 
the mice showed gastric carcinoma or 
any epithelial change similar to the 
changes that were discussed this morn- 
ing. Some of the mice did show 
marked alteration of the epithelium. 
although it was not se striking or 
prominent as that associated with the 
gastric carcinoma from human beings. 
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These mice of Dr. Strong’s are ex- 
tremely valuable for further work, as 
I believe there are no other experi- 
mental animals in which there exists 
such a high rate of gastric carcinoma. 
I think he has a wonderful opportun- 
ity for studying many of the physi- 
ologic changes associated with the de- 
velopment of this neoplasm. It will be 
of great interest to observe many of 
the biologic and physiologic changes 
in these animals and compare them 
with the normal, closely related strains 
of the same stock, as well as with dif- 
ferent unrelated strains of mice. A 
preliminary study of this kind was 
reported by Dr. Strong by studying 
the chemical changes in the gastric 
contents and the hemoglobin of the 
blood of these mice. There are many 
other physiologic observations that it 
would be interesting to carry ont in 
these mice. 

One phase that Dr. Strong failed to 
mention in his paper was the localiza- 
tion and persistence of methylcholan- 
threne in the stomach mucosa of the 
mice. I believe the administration of 
this carcinogen was by the subcutane- 
ous route. I hope Dr. Strong will say 
something about this in the closing 
discussion of his paper. I want to 
take this opportunity to congratulate 
him for a great contribution to the 
experimental study of gastric tumors. 

Chairman Stewart: We are getting 
rather too far along to allow too much 
discussion. I should give Dr. Greene 
a chance. He had a chance, a won- 
derful chance, to express his views on 
means other than morphologic in de- 
termining whether or not a tumor was 
malignant, but I don’t think we had 
better try to have that. Dr. Strong. 

Dr. Strong: In reply to the question 
Dr. Jones raised, that the result of 
transmission of gastric carcinoma was 
obtained from a line of highly hybrid 
mice and not from another—this is a 
symposium on gastric carcinoma. I 
did not, therefore, include the wealth 
of material of other malignant can- 
cers that are being obtained in the 
other sublines, 


Every time I have had a specifically 
induced tumor with methylcholan- 
threne, it or a susceptibility to the 
tumor has been transmitted differen- 
tially to the descendants of the mouse 
whenever facilities of the laboratory 
permitted the continuation of the off- 
spring. For instance, I developed a 
strain of mice which developed fibro- 
sarcoma only; another, only rhab- 
domyosarcoma; another subline gave 
only epidermic carcinoma with a sub- 
cutaneous injection of methylcholan- 
threne; and finally, I have had mela- 
notice sarcomas in three generations of 
mice in addition to obtaining squa- 
mous-cell carcinoma of the mammary 
duct in female mice for three gen- 
erations. These types of neoplasias 
are selected at random; in other 
words, the principle of the transmis- 
sion of specific induced types of tu- 
mors applies probably to all types of 
tumors and not specifically only to 
gastric carcinoma. I selected gastric 
“arcinoma as an illustration of a prob- 
ably broad genetic principle. As evi- 
dence that methylcholanthrene may 
come into contact with the germ 
plasm, it is clear that many of these 
mice develop ovarian tumors such as 
granulosa-cell carcinomas, cylindromas, 
and several other types. These ova- 
rian tumors have never been found in 
the control, untreated animals of the 
same strain. Therefore. the methyl- 
cholanthrene has definitely reached the 
ovary. 

As to the studies Dr. Jones spoke 
about, I am not a cytologist, and the 
investigation of chromosomes in mice 
is technically very difficult. In refer- 
ence to the point that the adenoma- 
tous hyperplasias arise in both these 
peculiar hybrids and in mice of an- 
other strain, I developed the I strain. 
They are two entirely unrelated 
strains not genetically connected in 
any way; one was the I strain, and 
the other was derived from the N 
strain, which also develops adenoma- 
tous hyperplasias, although very rarely. 
In the strain N mice the adenomatous 
hyperplasia is more localized in origin 
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than is the broad, widespreading type 
that develops in the I mice spontane- 
ously. The further point that there is 
a specific absorption of methylcholan- 
threne into the cells of the gastric mu- 
cosa—take a solution of methylcholan- 
threne in sesame oil and drop it on the 
back of a mouse, and half an hour later 
kill the animal. Dissect out the stomach, 
put it under ultraviolet light, and you 
will find the methylcholanthrene in the 
pyloric cells and not in the squamous 
cells of the forestomach. In other 
words, the methylcholanthrene has gone 
through the mucous barrier, if there is 
a mucous barrier, in the mice and has 
become lodged in the pyloric region. 

What I did was to take these 
washed-out stomachs, put them into 10 
percent formalin, keep them for 6 
months, dry them, extract them with 
ether, evaporate to dryness, take up 
the material in sesame oil, and inject it 
into mice. The injected mice developed 
local fibrosarcomas. 

There is thus a specific adsorption 
of methyleholanthrene onto the cells 
of the gastric mucosa. 

Dr. Andervont: Dr. Strong’s paper 
is the result of an extensive experience 
in the breeding of mice, particularly 
of interest in cancer research, and a 
thorough knowledge of our present 
position in the production of tumors 
with careinogenic hydrocarbons. I 
am not certain that I understand his 
procedure so I shall attempt to re- 
peat. He took three strains of mice, 
scrambled them by cross-breeding, and 
when the final offspring were 60 days 
of age, he gave a subcutaneous in- 
jection of 1 mg. of methylcholanthrene 
dissolved in sesame oil, and_ that, 
as I understand, happened to every 
mouse. 

Dr, Strong: That is right. 

Dr. Andervont: Through a number 
of generations? 

Dr. Strong: Five generations before 
there was any obvious change. 

Dr, Andervont; Every mouse for five 
generations, regardless of sex, was 
given a milligram of methylcholan- 





threne. Apparently while observing 
the mice for occurrence of subcutane- 
ously induced tumors at the site of 
administration, Dr. Strong found that 
some had developed gastric carcinoma, 
and then his knowledge of the hydro- 
carbon was important. He thought: 
“I am producing tumors of the stom- 
ach with methylcholanthrene,” but he 
also knew from his experience with 
other strains of mice that there was 
a strong possibility that the mice in- 
herited the susceptibility and that the 
methylcholanthrene was accelerating 
the appearance of the gastric tumors. 
Thus, the mice would be similar to 
those of strain A, which he developed. 
Strain A mice are genetically sus- 
ceptible to the development of spon- 
taneous pulmonary tumors; but if they 
are exposed to methylcholanthrene, 
they develop this type of tumor much 
earlier than those kept as untreated 
controls. Then, as I understand, he 
stopped the injection of methylcholan- 
threne and found that gastric carci- 
noma arose in the untreated mice. 
That is true? 

Dr. Strong: Yes. 

Dr, Andervont: From the stand- 
point of one who is not a trained ge- 
neticist, I think the chance is about 
50-50 that he has produced a germinal 
mutation. One argument against the 
production of a germinal mutation is 
the fact that Dr. Strong developed the 
A strain of mice before we knew of 
methylcholanthrene, and these mice re- 
act to carcinogens as this new strain 
may react by developing gastric can- 
cer. However, I do not know of any- 
one who has exposed mice to methyl- 
cholanthrene for five successive genera- 
tions as Dr. Strong has. Also it is 
essential to note that all young were 
born after their mothers were exposed 
to methylcholanthrene. So I think 
Dr. Strong has as much right to say 
he has produced a germinal mutation 
as anyone has to say that he has not. 

For the purpose of this conference, 
I should like to emphasize that the 
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production of a germinal mutation is 
of little importance. One major handi- 
cap in experimental gastric-cancer work 
is the lack of a suitable test animal. 
and Dr. Strong has supplied this need. 
Whether he has done so by means of a 
germinal mutation or by selection alone 
makes little difference. He has pro- 
duced a strain of mice that develop a 
high incidence of spontaneous gastric 
cancer, and both the Yale Medical 
School and Dr. Strong are to be con- 


gratulated for making an outstanding 
contribution to experimental cancer. 

Chairman Stewart: We shall now 
go on to the afternoon program, which 
consists of seven papers, and since we 
hope to excite a reasonable amount of 
discussion at the end, I shall ask you 
to try to stick as closely as possible 
to the time allotted. The first paper 
is by Dr. Stout, on Superficial 
Spreading Type of Carcinoma of the 
Stomach. 








SUPERFICIAL SPREADING TYPE OF CARCINOMA OF THE 
STOMACH 


By ARTHUR Purpy Strout, associate professor, Surgical Pathology Laboratory, College of 
Physicians and Surgeons, Columbia University, and attending surgical pathologist, 
Department of Surgery, Presbyterian Hospital, New York 


When carcinoma of the stomach 
starts from one or more focal points, 
it does not spread at an even rate of 
speed in all directions. Instead, most 
of the tumors expend their chief 
growth energies in one or another of 
three different planes. This accounts 
for their varying morphologic fea- 
tures. Thus, the fungating carcinomas 
include those which grow chiefly into 
the lumen; the ulcer cancers, on the 
other hand, from the first penetrate 
through the gastric wall before they 
spread into other planes; and finally, 
there is a third group in which ex- 
tension is chiefly centrifugal along the 
plane of the gastric wall. These in- 
clude the very rare linitis plastica 
cancers and the much commoner car- 
cinomas, which confine themselves to 
the mucosa and submucosa for a long 
time before they invade the muscularis, 
attaining sometimes areas as large as 
54 em. Grossly, these tumors thicken 
the mucosa and obliterate its folds, 
usually with shallow, bowl-shaped ul- 
ceration, or else they spread outward 
from the margins of a deep peptic 
uleer. 

Superficial spreading carcinoma is 
not synonymous with Mallory’s carci- 
noma in situ, although including it, 


for the latter term is restricted to a 
carcinomatous change in the gastric 
glands of the prepylorie region with- 
out submucosal involvement. 
Although the mean preoperative du- 
ration of symptoms for the superficial 
carcinomas is the same as for all gas- 
tric cancers, the regional-node meta- 
static rate in the group of 23 patients 
studied at the Presbyterian Hospital 
was only 39 percent as compared with 

75 percent for the 123 gastric carci- 

nomas resected during the same period. 

The follow-up is incomplete, but 6 of 

the 23 have already passed the 5-year 

mark, 11 others are alive less than 5 

vears after operation, and there is 

reason to anticipate a 5-year cure rate 
of at least 50 percent. Thus the su- 
perficial spreading carcinoma is one of 
the more curable forms of gastric 
cancer. 
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is by Dr. Brunschwig. 
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RADICAL SURGERY FOR GASTRIC CANCER 


By ALEXANDER BruNscHwiG, professor of surgery, Department of Surgery, University of Chicago 


The advances in supportive treat- 
ment for the surgical patient have per- 
mitted an extension of the operative 
attack on cancer of the stomach (as 
well as on other forms of intra-ab- 
dominal malignant neoplasms). Three 
instances of massive resections are 
cited below and illustrated in figure 1. 


Patient C. W.: Had a large carcinoma 
arising in the posterior gastric wall and 
extending posteriorly to the body of the 
pancreas and forward into the transverse 
mesocolon and on to the colon. 

Operation: Total gastrectomy, splenec- 
tomy, resection of body and tail of pancreas, 
transverse colon, and entire omentum. Dou- 
ble-barrel colostomy, hepatic flexure to 
splenic flexure. 

Lived 6 months; received palliation; 
gained 10 pounds; died of carcinomatosis. 

Patient F. E.: Had a carcinoma of the body 
of the pancreas with direct spread to pos- 
terior wall of stomach and metastases to 
lymph nodes along the lesser curvature ex- 
tending almost to the cardio-esophageal junc- 
tion; and extensive metastases in greater 
omentum. 

Operation: Preliminary resection of omen- 
tum with its metastases; total gastrectomy, 
total pancreatectomy, total duodenectomy, 
splenectomy, and resection of left adrenal 
gland. 

Lived 3 months after the operation; re- 
ceived palliation; icterus previously present 
was completely relieved. The patient was 
diabetic before the operation, and required 
about 60 units of insulin a day. After the 
operation, there appeared to be periods of de- 
creased insulin requirements, at least the dia- 
betes was not aggravated by total pancreatec- 
tomy. 

Patient E. B.: Had a large, round-cell sar- 
coma replacing practically the entire stomach, 
with infiltration of anterior abdominal wall 
and all adjacent viscera. 

Operation: Total gastrectomy, resection of 
half of the left lobe of the liver, body and 
tail of pancreas, spleen, tissues of upper left 
posterior abdominal wall, muscle and fascia 
of left upper quadrant of anterior abdominal 
wall (leaving skin and subcutaneous tissue in 
this region), transverse colon, and entire 
omentum. 

Lived 2 months; had complete relief from 
pain; enjoyed food; died suddenly. Necropsy 
revealed recurrences in upper abdomen but no 
intrathoracic metastases. 


I have performed eight massive re- 
sections of the entire stomach with the 
body and tail of pancreas, spleen, and 
other adjacent viscera. There were 
two operative deaths. 

The limits of operative surgery for 
cancer of the stomach are thus reached 
since the entire organ and its adjacent 
viscerae can be resected en masse. 

The necessity for such extensive op- 
erations indicates the size of the neo- 
plasms encountered and indicates fail- 
ure of early diagnosis. 

Prolonged survivals following such 
massive resections for large gastric 
neoplasms cannot be anticipated be- 
cause of microscopic spread of the 
growths beyond the wide limits de- 
scribed, although appreciable pallia- 
tion may be afforded. However, the 
question is raised of the advisability of 
performing much wider resections, in 
the presence of small gastric neo- 
plasms that are now attacked by the 
conventional radical gastrectomy. Ex- 
periences with radical mastectomy for 
small carcinomas favor the routine ex- 
tension of the limits of gastrectomy 
for small gastric carcinomas. 

Laboratory investigations to discover 
factors that indicate carcinogenic in- 
fluences operative in the stomach or 
that would afford a means of early 
detection of gastric carcinoma, if suc- 
cessful, would afford a great contribu- 
tion to the problem. These lesions 
could be attacked by radical surgery 
in a stage where such treatment would 
have better chances for success than is 
the case at present where these opera- 
tions are usually performed only 
where the disease is advanced. 

Chairman Stewart: Dr. Smith has 
asked to have another paper added, 
Physiology of Mucus Secretion, by Dr. 
Hollander. 
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Figure 1.—<A, Total gastrectomy; resection of body and tail of pancreas, spleen, and transverse 
colon for c, carcinoma in the posterior wall of the stomach, invading adjacent viscera, 
cE, transection at cardio-esophageal junction; HC, transection, hepatie flexure; sc, transec- 
tion, splenic flexure; ¥, transection, neck of pancreas; and P, transection of pylorus. 

B, Total gastrectomy, total pancreatectomy, total duodenectomy, splenectomy, and 
resection of left adrenal gland for carcinoma, 7, of body of pancreas invading the stomach. 
cE, transection at cardio-esophageal junction; Sp, spleen; 4, left adrenal invaded by car- 
cinoma; D, incision posterior to parietal peritoneum to elevate duodenum and head of pan- 
creas; J, transection, upper end of jejunum, 

C, Total gastrectomy, resection of body and tail of pancreas, spleen, transverse colon, 
left lobe of liver, and muscle and fascia composing entire left upper quadrant of the abdom- 
inal wall for massive, round-cell sarcoma involving entire stomach and adjacent viscera. 
cE, transection at cardio-esophageal junction; LZ, transection, left lobe of liver; Hc, transec- 
tion hepatic flexure; sc, transection, splenic flexure; s, transection of pylorus; y, transection, 
neck of pancreas; 4w, muscles and fascia, left upper quadrant of anterior abdominal wall 
resected en masse with the other resections. 














PHYSIOLOGY OF 


MUCUS SECRETION 


By FRANKLIN HoLLanpver, Gastroenterological Research Laboratory, Mount Sinai Hospital, 


New 


In my previous report to this con- 
ference in 1942, I gave an account of 
our studies on the vagal stimulation of 
gastric-mucus secretion, our develop- 
ment of histologic techniques, and our 
collection of large sets of physicochem- 
ical data on this secretion. Today, I 
propose to report on the results of our 
statistical analyses of these data and 
some of their implications for our 
present: purposes. 

As stimuli to mucus secretion, we 
have emploved mild chemical irritants, 
like saturated aqueous solution of ether, 
50 to 85 percent ethyl alcohol, 5-per- 
cent emulsion of clove oil, and several 
others. These substances were applied 
to the mucosa of gastric corpus 
pouches which were not secreting any 
acid at the time of the experiment. 

A frequency distribution of the pH 
values of 422 specimens of mucus so 
collected revealed a range as high as 
8.8, with the possibility of a bimodal 
distribution, but this cannot be proved 
mathematically. However, when the 
data were broken down according to 
stimulus, all the agents, with one ex- 
ception, gave similar wide 1 ranges of 
variation, with a preponderance of 
values around pH The one excep- 
tion was clove oil, which gave a 
smaller range and a single clearly de- 
fined peak around 8.4. This was inter- 
preted to indicate the presence of 
transudate and inflammatory exudate 
as well as mucus in most of these 
specimens, a minimum of such con- 
tamination being induced with clove 
oil. Microscopic examination of the 
smears confirmed this interpretation. 
More recently, we found a pure chem- 
ical substance which induces even less 
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contamination of the mucus, as evi- 
denced by narrowness of the pH 
range, sharpness of the peak, and fur- 
ther elevation of the mean pH value. 
Further details of this work will be 
reported after completion of toxicity 
studies with this agent. 

The buffer capacity of the mucus 
from these experiments, between the 
initial pH and 3.5, ranged as high as 
84 mN, and chloride concentrations 
varied between 57 and 186 mN. Curi- 
ously, neither of these two character- 
istics was correlated statistically with 
the pH value. 

Of most interest has been the re- 
sults of our histologic examination of 
these specimens. Usually the spon- 
taneous secretion is transparent and 
cell-free, containing only cellular de- 
bris. Very often, however, the smears 
show peculiar crystal patterns of sev- 
eral kinds which we have not yet in- 
vestigated. The mucus secreted in 
response to chemical irritation invari- 
ably contains large amounts of col- 
umnar cells and two or three other 
varieties of cell which have not yet 
been identified with certainty. It may 
be that some of them are goblet cells. 
If this is so, it will prove extremely 
important in relation to the develop- 
ment of a gastritis, because goblet 
cells do not occur in the normal stom- 
ach in significant number so far as I 
know, but they are found by the pa- 
thologist rather frequently. The sig- 
nificance of these observations for fu- 
ture cancer research was indicated in 
my discussion of Dr. Ivy’s paper. 
(See page 331.) 

Chairman Stewart, The next paper is 


by Dr. Schiff. 
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EXCRETION OF SULFA DRUGS BY THE STOMACHS OF NORMAL 
PERSONS AND PATIENTS WITH GASTRITIS, PEPTIC ULCER, 


AND GASTRIC CANCER 


By LEON ScuirFF, associate professor of medicine, University of Cincinnati Medical School 


The sulfa drugs studied were so- 
dium sulfathiazole, sodium sulfadia- 
zine, and sodium sulfapyridine. Obser- 
vations of the effects of sodium sulfa- 
thiazole were soon abandoned because 
so little of the drug was excreted by 
the stomach. The sodium sulfadia- 
zine was given to a group of 43 sub- 
jects, including 7 normals, 15 patients 
with peptic ulcer, 8 with atrophic gas- 
tritis, and 13 with gastric cancer. 
The sodium sulfapyridine was given 
to a group of 37 subjects, including 7 
normals, 17 patients with peptic ulcer, 
5 with atrophic gastritis, and 8 with 
gastric cancer. The sodium sulfadia- 
zine Was administered intravenously 
as 5 gm. dissolved in 300 ec. of physi- 
ologic saline, while the sodium sulfa- 
pyridine was given as 1 gm. dissolved 
in 20 ec. of distilled water. The gas- 
tric contents were obtained under fast- 
ing conditions with continuous suction. 

The peak concentration of the sulfa 
drugs in the gastric juice usually oc- 
curred 15 to 45 minutes after comple- 
tion of the intravenous injection. In 
the case of sodium sulfadiazine, the 
inean concentration ratio (ratio of the 
sulfonamide concentration in the gas- 
tric juice to that in the blood) was 
usually 0.45 or less in the normals, in 
patients with atrophic gastritis, peptic 
ulcer, and in those with less extensive 
gastric cancer. There was no rela- 
tionship between the concentration 
ratio and the free or total gastric 
acidity or the pH of the gastric con- 
tents. In seven cases of more exten- 
sive gastric cancer, the mean concen- 
tration ratio was 0.69. representing a 
difference of statistical significance. 
The highest individual concentration 
ratios were obtained in the patients 
with the most extensive cancers. The 
reason for this difference is not 
known. It is suggested that it might 
be due to an increased tissue or capil- 
lary permeability resulting from local 


approached the 


action of enzymes 
tumor. 

In the case of sulfapyridine, it was 
found that the anatomic state of the 
stomach apparently had no influence 
on the concentration ratio, while the 
pH of the gastric contents did. In the 
normal pH range of gastric juice of 
1.5 to 2, the concentration ratios va- 
ried between 3 and 12 and were usu- 
ally between 4 and 8. As the pH 
of the gastric juice rose above 2.5 and 
value of 7 to 8, the 
concentration of the sulfapyridine in 
the gastric juice gradually dropped to 
approximately that in the blood. The 
failure of Cooke, Davenport, and 
Goodman to observe the change in 
the relationship between concentration 
ratio and the pH in the gastric juice 
may be explained by the fact that 
their studies were performed with nor- 
mal “pouch dogs” which are known 
to have a gastric secretion with a 
consistently low pH. The group of 
subjects we studied showed a _ wide 
range in the pH of their gastric con- 
tents from normal values to those 
obtained in the complete absence of 
free hydrochloric acid. 

Postulating a simple diffusion mech- 
anism for the gastric secretion of sul- 
fonamides, in accordance with Daven- 
port’s concepts, we calculated the 
theoretical concentration ratios of 
sulfapyridine, sulfadiazine, and sul- 
fathiazole from their dissociation con- 
stants (as reported by Bell and 
Roblin) over a pH range of 1 to 8 
for gastric juice. The calculated re- 
sults were in satisfactory agreement 
with our own observations on human 
beings and with the observations of 
Cooke, Davenport, and Goodman on 
pouch dogs. We believe that it is 
possible to predict the concentration 
ne Concentration in gastric juice 
ee Concentration in blood 


present in the 
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of sulfonamide-type compounds quan- 
titatively from their dissociation and 
diffusion constants. 

Chairman Stewart: The next paper 
is Metabolic Disorders of Patients 
with Gastrointestinal Cancer, by Dr. 


Abels. | Withdrawn, for later pub- 
lication. | 

Chairman Stewart: The next paper 
is by Dr. Singher, Disturbances of 
Sugar Metabolism in Gastric Cancer. 
If you please, Dr. Singher. 
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DISTURBANCES OF 


SUGAR METABOLISM IN 


GASTRIC CANCER 


By Heron 0. SINGHER, Memorial Hospital for the Treatment of Cancer and Allied Diseases, 


New 


It is well known that patients with 


gastric cancer have a disturbed car- 
bohydrate metabolism which is. re- 


flected in their oral glucose-tolerance 
curves. Many reviews have indicated 
that the previous dietary history of 
these individuals was unknown. In- 
vestigators of carbohydrate metabolism 
have shown that the previous dietary 
history of a patient is a determining 
factor in the carbohydrate reserve 
built up in the body and influences 
the patient’s reaction to experimental 
proce edures. In order to control these 
factors and to obtain more reliable 
and reproducible results, we have fol- 
lowed the procedure of maintaining 
patients on a constant diet for a long 
period prior to any experimental in- 
vestigation. 

Glucose-tolerance tests. both oral 
and intravenous, were performed on 
individuals who had been maintained 
for 3 to 4 weeks prior to the experi- 
ment on a diet (that used by Thorne) 
which supplied them daily with 5 gm. 
carbohydrate, 1.5 gm. fat, and 1.3 gm. 
protein per kilogram of body weight. 
The components of the diet were “not 
varied during the course of the ex- 
periment. The daily food was given 
in three equal portions. This diet 
brought all the subjects into nitrogen 
balance before the tolerance tests were 
performed. Oral-tolerance curves were 
obtained by the administration of a 
single dose of 1.75 gm. of glucose per 
kilogr am body weight. Samples were 
taken for analysis at 30-minute inter- 
vals for the first 2 hours and at 60- 


minute intervals thereafter. Intra- 
venous glucose tolerance was deter- 


mined by the injection, at a uniform 
rate, of 0.5 gm. of glucose per pe 
gram body weight over a period ¢ 
exactly half an hour. 

Individual tolerance curves are the 
average of two or more sets of de- 
terminations in which the chemically 
determined blood-sugar concentr ations 


York 


varied only within a small range. 
Here are the oral and intravenous 
curves obtained in this manner with 
five normal individuals (slide). Three 
of them were in the same age group 


aus the gastric-cancer patients; the 
other two were considerably younger. 


According to the curves, age does not 


appear to affect the normal tolerance 
curves. This finding is in agreement 
with those of others. The salient 


features of the curves were the initial 
blood-sugar level, the time required to 


reach peak concentration, and the 
relatively rapid return to basal blood- 
sugar values. Our figures are similar 


to the curves obtained by Thorne and 
Albright on normal individuals. In 
contrast are the oral and intravenous 
glucose-tolerance curves of five pa- 
tients with gastric cancer (slide), 
These curves demonstrate the typical 
aberrations found in patients with gas- 
tric cancer. The fasting and maximal 
glucose concentration in both the oral 
and the intravenous curves of patients 
with gastric cancer appeared to be 
somewhat elevated over that of the 
normal individuals, and the max- 
ima appeared to be reached at a 
slower rate. However, in these re- 
spects there was a great deal of over- 
lapping between the curves of nor- 
mal and diseased persons, so that no 
emphasis can be placed on_ this 
discrepancy. 

The main difference, as previously 
recognized, was the very much slower 
rate of disappearance of the blood 
sugar in the patients with gastric 


cancer. The controls all reached their 
peak blood-sugar concentrations in 


about 1 hour after oral administration, 
and the sugar level began to decrease 
slowly during the next half hour. The 
concentration fell rapidly in the sec- 
ond hour following administration and 
then decreased at a much slower rate. 


reaching basal values within 3 to 4 
hours. The  gastric-cancer patients 
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retained their maximal blood-sugar 
values for a longer period and hi: id a 
relatively constant rate of decrease, 
which was less than the initial drop 
in blood-sugar concentrations of the 
controls but greater than the final 
rate of decrease in this group. 

Dissimilarities in oral curves re- 
sult from aberrations in absorption, 
metabolism, and storage, or a combina- 
tion of errors in two or all of these 
phases of carbohydrate utilization. 
By employing intravenous glucose ad- 
ministration, which is a new introduc- 
tion in this connection, any differences 
owing to absorption from the ali- 
mentary canal are eliminated. A com- 
parison of the intravenous tolerance 
curves in the normal group with those 
of the gastric-cancer group revealed 
a decreased length of time to reach 
maximal concentration and a shorter 
period at this level for the normal 
group. The curves also showed the 
same diminished rate of return to 
basal levels of blood-sugar concentra- 
tion was revealed by the oral curves. 

The abnormality of sugar-tolerance 
curves is not limited to patients with 
gastric cancer. The oral curves of 
patients with other types of cancer, 
such as cancer of the uterus, are even 
more aberrant, but the intravenous 
curves of gastric-cancer patients show 
the greatest deviation from normal of 
any that we have studied. The most 
significant and reproducible of any of 
the changes from normal is the slow 
rate of return to basal levels. 

The maintenance of  blood-sugar 
levels is the resultant of a number of 
different mechanisms, which can be di- 
vided into four main groups: (1) The 
rapidity of absorption of glucose from 
the alimentary canal; (2) the rate of 
storage and discharge from the liver; 
(3) the extent of storage and utiliza- 
tion of glucose by tissues other than 
the liver; and (4) the rate of excre- 
tion by the kidney. The last factor, 
of course, is of importance only in 
those cases where kidney thresholds 
are exceeded. If we limit ourselves to 
effects of intravenous administration 
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of glucose, no absorption from the ali- 
mentary canal is proceeding simul- 
taneously and we can therefore elimi- 
nate consideration of this troublesome 
mechanism. The rate of decrease of 
blood-sugar levels is then mainly an 
expression of the relative storage and 
discharge by the liver and utilization 
and storage in other tissues. 

The balance of these mechanisms is 
dependent upon a large number of fac- 
tors. Among these are the activity 
and secretion of insulin. Insulin has 
been shown to bring about hypogly- 
cemia by increased glycogen deposition 
in muscle and increased sugar oxida- 
tion. A decrease or loss in the effec- 
tiveness of insulin might explain the 
slow fall of blood-sugar levels in pa- 
tients with gastric cancer. In our ex- 
periments, however, the intravenous 
administration of one-tenth of a unit 
of insulin per kilogram of body 
weight results invariably in the same 
drop in blood-sugar levels in controls 
and patients with cancer. This fact 
signifies that the presence. of the can- 
cer does not affect the insulin hypo- 
glycemic reaction. 

Among the other factors known to 
be involved in the regulation of blood- 
sugar levels are the production and 
breakdown of glycogen by the liver. 
Glycogen deposition or discharge in 
this organ is controlled mainly by the 
blood-sugar concentration and one or 
more adrenal cortical hormones. In 
the case of patients with gastric can- 
cer, the blood-sugar levels are rela- 
tively normak so that this factor would 
not be expected to exert any significant 
effect. In order to study the effects of 
the adrenal cortical hormones, it was 
necessary to obtain some idea of the 
basal liver-glycogen content. The gly- 
cogen concentration was therefore de- 
termined in 27 patients with gastro- 
intestinal cancer and in 9 with non- 
neoplastic gastrointestinal disorders 
after 10-hour preoperative fasts. The 
results demonstrated no differences 
between the 2 groups. 

The next step was to determine if 
there was any difference in the deposi- 
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tion of glycogen. As is well known, 
the ratio of liver weight to body 
weight varies considerably in patients 
with gastric cancer and is probably 
different from that of normal persons. 
The ideal manner of administering 
glucose to patients would be on a per- 
kilogram-of-liver basis; but as this was 
not feasible. the best approach was 
thought to be that of saturating with 
glucose. Accordingly, the patients 
were given five doses of glucose, 50 
gm. each, at 2-hour intervals. Two 
hours after the last feeding, they were 
subjected to laparotomy under spinal 
anesthesia, and a sample of liver was 
obtained to determine their hepatic- 
glycogen concentration. The same 
amount of glucose was given in the 
same manner to patients with nonneo- 
plastic gastrointestinal diseases. The 
results of these experiments suggest 
that patients with gastrointestinal can- 
cer have an impaired ability to form 
or store glycogen in the liver. 

As mentioned before, there is con- 
siderable evidence to show that glyco- 
gen deposition is in part at least de- 
pendent upon the normal activity of 
the adrenal cortex. The possibility 
arose that the patients with cancer of 
the gastrointestinal tract were deficient 
in those adrenal cortical hormones con- 
cerned with carbohydrate metabolism. 
In order to test this hypothesis, pa- 
tients with gastrointestinal cancer 
were given glucose preoperatively in 
the manner previously described, and 
at each feeding varying amounts of 


adrenal cortical extracts. The results 
of the experiment seem to suggest that 
adrenal cortical extract promotes gly- 
cogen storage in the liver under these 
conditions. 

A good deal of confirmatory evi- 
dence must be obtained before we can 
be certain that this apparent suppres- 
sion of adrenal effect mediates the rel- 
atively slow fall in blood-sugar con- 
centration. 

It is known from the work of Long 
and his coworkers that glycogen can 
be formed from amino acids. This 
process is also under the influence of 
adrenal cortical secretions. We are 
investigating the relation of amino 
acid metabolism to _liver-glycogen 
deposition in patients with gastric can- 
cer. Similarly in starvation, after de- 
pleting its carbohydrate reserve the 
body utilizes tissue protein for the 
formation of carbohydrate. The effect 
of adrenal secretions on this fabrica- 
tion of carbohydrate in such patients 
is also being studied. 

In this discussion of the mechanisms 
that control blood-sugar utilization, we 
have left out the role of peripheral 
sugar oxidation. Certainly the depo- 
sition of glycogen and rate of sugar 
combustion in such tissues as muscle 
must be determined and measured be- 
fore we can say that the liver-adrenal 
cortex mechanism is the only function 
or the most important one that is ab- 
errant in patients with gastric cancer. 

Chairman Stewart; Multiple Cancers 
of the Human Gastrointestinal Tract, 
by Dr. Shields Warren. 








MULTIPLE CANCERS OF 


THE 


HUMAN GASTROINTESTINAL 


TRACT 


By SHIELDS WARREN, assistant professor of pathology, Harvard Medical School 


Multiple cancers occur in about 6 
percent of cancer cases, as based on 
our study of 3.974 necropsies on cases 
of malignant disease. This is tenfold 
or elevenfold the expected incidence 
and may be assumed to represent a 
susceptibility to cancer in certain per- 
sons. 

In consideration of multiple cancers 
of the gastrointestinal tract, certain 
factors must be kept in mind. Can- 
cer of the small intestine is very rare; 
cancer of the stomach and of the 
large intestine, particularly the recto- 
sigmoid, is common. 

Polyposis, a precancerous lesion, is 
rare in the stomach. It is not un- 
common in the large intestine and may 
occur there as an inherited anomaly. 

Among 33 cases of multiple cancer 
in which a gastric cancer occurred, 
there were none with multiple lesions 
in the stomach alone. In contrast, of 
77 cases of multiple cancer in which 
the large intestine was involved, 22 
were restricted to that organ. 


That relative areas of mucosa in the 
two viscera are not a factor is shown 
by the great rarity of cancers in the 
small intestine, where a very consid- 
erable mucosal area is available. 

Among 243 necropsies on persons 
with gastric cancer, 9 percent showed 
multiple malignant tumors, a slightly 
higher percentage than the general 
level of 6.8. The series included 476 
necropsies on persons with cancer of 
the large intestine, with 15 percent 
multiple malignant lesions. This sharp 
increase illustrates the effect of the 
precancerous multiple polyposis. One 
additional factor may well be the 
greater postoperative survival of those 
with lesions of the large intestine as 
contrasted with those having gastric 
lesions. 

Chairman Stewart: The last paper 
before the general discussion will be by 
Dr. Meissner, Observations on Chronic 
Gastritis and Cancer, and then we shall 
have the general discussion, 








OBSERVATIONS ON CHRONIC 


By Witi1aAm A. MEISSNER, 


GASTRITIS AND CANCER 


Laboratory of Pathology, New England Deaconess Hospital, 


Boston 


The histologic changes in chronic 
gastritis may ‘be divided into exuda- 
tive and epithelial, the latter being 
the more important in the considera 
tion of gastritis as a precancerous ~ 
sion. In the severe stages of chronic 
gastritis, there may be extensive epi- 
thelial alterations which are compa- 
rable with precancerous lesions else- 
where. This fact suggests that carci- 
noma arising from chronic gastritis is 
a possibility. Examination of multi- 
ple sections from 200 surgically re- 
sected stomachs revealed that while 
this severe stage of epithelial change 
Was never present in stomachs resected 
for duodenal ulcer and was rare in 
those with gastric ulcer, it was also 
relatively uncommon in the stomachs 


showing cancer. 

In considering the incidence of the 
presence or absence of chronic gastri- 
tis, the stomach may be divided into 
three zones, namely, the fundus, the 
body, and the antrum. Any block 
taken from the respective zones may 
be considered to represent the entire 
zone for purposes of comparison, 
While the incidence of chronic gas- 
tritis is greater in the body and fun- 
dus in patients with gastric. vancer, it 
is not significantly greater in the an- 
trum than in those with ulcer. The 
average severity of chronic gastritis, if 
present, is no greater in the stomachs of 
patients with gastric cancer than in 
those who have gastric or duodenal 
ulcer. 


GENERAL DISCUSSION 


Chairman Stewart: The meeting is 
open to discussion, and I shall open 
the discussion myself, because I want 
to ask Dr. Stout a question. 

In that one photograph of yours 
showing the intestinal type of meta- 
plasia you have in your superficial- 
spreading type, I wonder if you no- 
ticed—you must have noticed—the same 
thing that I have, in these cancers of 
the stomach with a lot of metaplasia, 
and particularly in that superficial- 
spreading type. It seemed to me that 
the intestinal metaplasia depended on, 
at least in distribution, somewhat par- 
allels spread of tumor; that is, where 
you got surface cut off by tumor cells, 
underlying glands tended to undergo 
intestinal metaplasia. Thus metapla- 
sia was perhaps secondary rather than 
primary. You will find the infiltrated 
area showing metaplasia, and perhaps 
in immediately adjacent glands where 
tumor has not filtrated, no evidence of 
metaplasia will be found. Has that 
struck you to any degree? 

Dr. Stout: I must say that the in- 
testinal metaplasia and its relation- 
ship to superficial-spreading type of 
‘ancer, which I thought, if intestinal 
metaplasia meant anything as a pre- 


‘ancerous lesion, ought to parallel one 
another very closely, were a bitter dis- 
appointment, and shook my faith in 
intestinal metaplasia very severely. I 
couldn’t get any correlation between 
the two, and one of the most extensive 
cases of superficial-spreading cancer 
had not only no intestinal metaplasia 
but also not any trace of gastritis at 
all. 

Dr. Smith: I might say that in ex- 
periments on dogs, when cholecystos- 
tomies, cholecystenterostomies, or cho- 
lecystgastrostomies are done, the gall- 
bladder mucous membrane shows his- 
tologically modifications as a result of 
environmental changes. The gall-blad- 
der epithelium takes on an arrange- 
ment resembling intestinal epithelium, 
somewhat like the change in gastric 
epithelium described in connection 
with chronic gastritis. 

Dr, Greene: I have one comment to 
make with reference to the action of 
methylcholanthrene on gastric mucosa, 


Embryonic human stomach survives 
and grows when transferred to the 


anterior chambers of the eyes of ani- 
mals of alien species. If the tissue is 
infiltrated with methylcholanthrene 
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before transfer, growth still takes 
place; but after a period of 5 to 7 
months, the transplants differ from 
the controls. The most pronounced 
changes at this time are in the epithe- 
lium, which shows the same alterations 
as those observed in chronic gastritis 
without, however, any exudative reac- 
tion. Later, after 7 to 12 months’ resi- 
dence in the alien species, no epithe- 
lium remains, it being completely 
replaced by a growth of connective 
tissue which appears histologically to 
be malignant. 

Dr. Ivy: I should like to congratu- 
late Dr. Hollander for the work he 
has been doing on the secretion of 
gastric mucus. In addition, I should 
like to ask him if, as he continues to 
apply the irritant, the viscosity of 
the mucus decreases, as we observed 
when we applied hydrochloric acid 
to the mucous membrane of the pyloric 
portion of the stomach. 

I should like to ask the authors of 
the papers dealing with the hepatic 
insufficiency observed in patients with 
gastric cancer whether they think it 
is due to starvation or to nutritional 
(listurbance associated with gastric 
cancer, or whether they think it is 
caused by the absorption of some prod- 
uct from the carcinomatous tissue. 
Both may be involved in view of the 
fact that the hepatic insufficiency dis- 
appears after gastric resection. 

It would be of interest to ascertain 
whether hepatic insufficiency is present 
in patients with cancer of the colon 
before metastases to the liver have oc- 
curred. This relates to the work of 
Dr. Brunschwig and his associates, 
who found a gastric secretory, in- 
hibitory material in gastric carci- 
nomatous tissue and not in carcinoma- 
tous tissue from the colon. 

-I indicated this morning in my dis- 
cussion that it has not been shown 
whether the material that Dr. Brun- 
schwig has been studing is actually 
absorbed in the blood. If it is ab- 
sorbed in the blood, it may have a 
deleterious effect on the liver. I be- 
lieve chemical research should be di- 





378 JOURNAL OF THE NATIONAL CANCER INSTITUTE 


rected to ascertain the nature of the 
material in the cysts or alveoli of 
gastric carcinoma. This material may 
have some deleterious effect on the 
liver. It may be eliminated early by 
the kidney; and if we knew something 
of its chemical nature, we might have 
aun early diagnostic test. 

When Dr. Meissner reported his ob- 
servations on gastritis in gastric can- 
cer, gastric ulcer, and duodenal ulcer, 
I observed that he found epithelial 
changes approximately to the same ex- 
tent in all three of these conditions. 
According to Dr. Bockus and certain 
other clinicians, patients with a long 
history of duodenal ulcer rarely de- 
velop gastric cancer; and Dr. Bockus, 
in his book, goes so far as to state 
that he can almost guarantee that a 
patient who has frequent recurrences 
of a duodenal ulcer will not develop 
a gastric cancer. If that clinical im- 
pression is correct, it would constitute 
rather strong evidence against the sort 
of epithelial changes which Dr. War- 
ren and Dr. Meissner have seen as 
being precursors of gastric cancer. 

Dr. Abels: In answer to the ques- 
tion whether or not the evidence of 
hepatic dysfunction is based upon a 
state of nutrition of the patient, I 
should like to point out that we have 
maintained 15 patients on an adequate 
diet which contained 1.3 gm. of pro- 
tein, 1.5 of fat, and 5 gm. of carbo- 
hydrate per kilogram per day. After 
from 3 to 4 weeks, when the patients 
were in mildly positive nitrogen bal- 
ance (and were considered to be in an 
adequate state of nutrition), their 
hepatic dysfunction was as great as 
when they were admitted. . It is possi- 
ble, however, to decrease the degree 
of hepatic dysfunction when these pa- 
tients are fed diets of low protein con- 
tent and considerable amounts of pro- 
tein (3 gm. per kilogram per day). 
This diet is supplemented with inosi- 
tol and choline, which, we have rea- 
son, to believe, may be necessary to 
restore normal hepatic function. 

Another observation, which I think 
indicates that a large part of the he- 
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patic dysfunction is not merely on the 
basis of malnutrition, is that within 
from 1 to 2 weeks after the resection 
of the cancer, there is a considerable 
increase in the hepatic function of the 
patients studied. We have reason to 
believe that after from 1 to 2 weeks 
postoperatively the nutritional state of 
these individuals is worse than when 
they first were admitted. I do not 
know whether the hepatic dysfunction 
is due to certain materials formed by 
the tumor tissue and absorbed by the 
liver, 

The incidence and severity of he- 
patic dysfunction among patients with 
carcinoma of the sigmoid and rectum 
is just as great as that among patients 
with carcinoma of the esophagus and 
stomach. 

Dr. Ivy: Do you have any informa- 
tion on the effect of cancer elsewhere in 
the body on hepatie function, and the 
effect of radiation of the cancer on 
hepatie function ? 

Dr. Abels: We have studied in a 
much less extensive way the existence 
of hepatic dysfunction (by the cri- 
teria indicated) in patients with cancer 
of the breast or uterus. We failed to 
find any significant incidence of hepatic 
dysfunction in them. However, pati- 
ents with metastatic carcinoma of the 
prostate, and some patients with sar- 
coma of the bone do often have consid- 
erable degrees of hepatic dysfunction. 

Dr. Golden: T should like to ask Dr. 
Abels whether there has been any at- 
tempt to correlate the emptying of 
the stomach in these cases with the 
abnormal blood-sugar curve. In many 
cases of carcinoma, the power of the 
stomach to eject its contents is seri- 
ously hampered. Inasmuch as_ the 
absorption of glucose takes place in 
the small intestine, slow emptying 
of the stomach might conceivably re- 
sult in a flattened curve. Have any 
similar observations been made on 
patients with gastritis? I should like 
to comment for a moment, if I may, 
on this problem of gastritis although 
the main problem under discussion is 


carcinoma. To the X-ray man, gas- 
tritis is considerably more than a mere 
disorder of the mucous membrane. In 
many cases there is also a disorder of 
the motor function of the stomach, 
sometimes associated with what we 
call prepyloric spasm or antral spasm, 
with disorder of the movement of the 
mucous membrane as well ag of the 
muscularis. At times, this motor dis- 
order is so marked, with failure of the 
antrum to relax, that it may be ex- 
tremely difficult to differentiate the 
result of spasm from an infiltrating 
carcinoma. Sometimes a small car- 
cinoma may be present with this 
peculiar, persistent narrowing of the 


-prepyloric region, although the nar- 


rowing is not caused by the carcinoma. 
The narrowing of the antrum, asso- 
ciated with antral gastritis, might be 
explained as the result of some effect 
on the intramural nervous system, or 
whatever it is that under normal con- 
ditions controls the orderly proces- 
sion of events which results in the ex- 
pulsion of gastric contents. 

Chairman Stewart: I saw that not 
so very long ago in a very unfortunate 
circumstance, one of the very few 
gastroscopic accidents which have oc- 
curred in the history of the hospital. 
That was, again, one of those instances 
of antral gastritis with disturbance 
of motility. A tentative diagnosis of 
cancer was made, and the patient was 
gastroscoped ; the next thing we knew 
there was subcutaneous emphysema all 
over, and at necropsy it was shown that 
the gastroscope had caught on a very 
prominent varix in the esophagus and 
had gone through the wall of the eso- 
phagus. The patient had cirrhosis with 
multiple varices and died of medias- 
tinitis. 

Dr. Abels: I cannot say whether 
or not the abnormal oral-glucose-tol- 
erance curves obtained were on a 
basis of delayed emptying time of the 
stomach in all instances. In four of 
the seven patients now studied, the 
X-ray evidence indicates that there 
was no delay in emptying time. The 
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oral-glucose curves of these four were 
no different from those of the other 
three patients. 

I should like to point out, too, that 
these peculiar oral glucose-tolerance 
curves are by no means characteristic 
of the patients with gastric cancer. 
They have been found likewise to oc- 
cur in patients with other types of 
cancer, namely, cancer of the prostate, 
of the uterus, oad of the male breast. 
It is interesting that the same unusual 
curves suggest that a delayed ab- 
sorption of glucose from the gastro- 
intestinal tract and delayed rate of 
disappearance of glucose from the 
blood have been obtained here in 
patients with cirrhosis of the liver. 

We found it preferable to do in- 
travenous-glucose-tolerance curves to 
ascertain whether the abnormally de- 
creased rate of disappearance of the 
glucose from the blood of these pa- 
tients was on the basis of some ie 
function of carbohydrate metabolism 
or merely to their impaired function 
of the gastrointestinal tract. These 
intravenous-glucose-tolerance curves 
still demonstrated this very gradual 
slope from the peak level to the base 
line. We have not obtained any glu- 
cose curves on patients with gastritis. 

Dr. Golden: Is there any similarity 
in the fatty condition of the liver to 
that seen in sprue, a primary nutri- 
tional disorder which is relieved by 
liver injections ¢ 

Chairman Stewart: Ask Dr. Rhoads. 
He knows all about sprue. 

Dr. Rhoads: Necropsies on patients 
with sprue have been done under such 
unsatisfactory conditions in the Trop- 
ies that very little good tumor is 
available, and I don’t think the ques- 
tion can be answered precisely. Ade- 
quate studies on lipid content have 
not been made. 

Chairman Stewart: One can’t tell 
much about the lipid content by look- 
ing at the sections. They are all off 
when it comes to chemical determina- 
tions. 

Dr. Hollander: May I answer Dr. 
Ivy’s question about the occurrence of 


a change in character of the mucus 
secretion during the course of a col- 
lection experiment? I am_ thinking 
now of an experiment in which water 
saturated with ether was used as a 
stimulus. Following a single applica- 
tion of this solution to the mucosa of 
a Heidenhain pouch, the mucus was 
invariably jellylike. Sometimes this 
character persisted until the secretion 
stopped; on other occasions, it changed 
toward the end of the experiment, and 
the viscous or coagulated mucus was 
mixed with a considerable amount of 
mucoid fluid. 

We have done a few experiments on 
the effect of five or six successive 
stimulations at 3-hour intervals. Fol- 
lowing the third or fourth such appli- 
cation of the stimulus, the mucus was 
no longer jellylike but entirely mucoid, 
with evidence of bleeding from the 
mucosa. A day or two after such a 
long series of experiments, the mu- 
cosa was evidently again able to 
form the jellylike mucus. What cellu- 
lar changes took place in the tissue, 
I cannot say, since no histologic studies 
were included in these experiments. 

Dr, Meissner: Dr. Ivy has pointed 
out that carcinoma of the stomach is 
rare in patients with duodenal ulcer. 
It is true that in our series the aver- 
age incidence and the average severity 
of gastritis were only slightly greater 
in patients with carcinoma. However, 
if only the severe epithelial change of 
gastritis is considered, the incidence is 
definitely greater in patients with car- 
cinoma than in those with duodenal 
ulcer. This change was found in 12 
percent of the stomachs which showed 
carcinoma, while it was not found in 
any of the stomachs resected for duo- 
denal ulcer. 

Dr. Ivy: There is a point which 
pertains to Dr. Brunschwig’s observa- 
tion on the calcium content of the 
mucous membrane of the stomach and 
colon in the presence of cancer. In 
the stomach, he found no difference 
between the calcium content of the 
cells in, or in the region of the cancer 
and of the normal mucosa, whereas in 
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the colon, he found the calcium con- 
tent of the cancerous cells lower than 
that of the normal mucosa. Phys- 
iologically, the gastric mucosa is not 
supposed to excrete calcium, whereas 
on colonic mucosa is supposed to do 

: hence the higher figure for normal 
pot Be mucosa may indicate an ex- 
cretory plus a cellular calcium, while 
the colonic cancer cells may have lost 
the function of excreting calcium and 
hence only have the cellular calcium 
concentration, 

Dr. Stout; May I record the fact 
that it is possible to have coincident- 
ally a duodenal ulcer and a carcinoma 
of the stomach, because we have at 
least one such case that I can recall. 

Dr. Ivy: Did the duodenal ulcer de- 
velop after the gastric cancer, that is, 
after metastasis of the liver occurred / 

Dr. Stout: So far as I know they 
were simultaneous. We didn’t know 
when the cancer developed. Perhaps 
I should not say simultaneous—they 
were coincidental in the stomach. The 
stomach and duodenum were resected 
for long-standing pyloric obstruction, 
and we found a duodenal ulcer with 
a cancer on the pyloric side of it. Of 
course, I don’t know when either of 
them began. 

Dr. Ivy: The reason I asked the 
question (whether the duodenal ulcer 
developed secondary to the gastric can- 
cer) is that, as I indicated “this morn- 
ing. whenever a disturbance of the 
liver, such as hepatitis, atrophy, and 
obstruction of the bile duct occurs in 
the dog, we observe an incidence of 
duodenal or gastric ulcer, principally 
duodenal, of from 20 to 60 percent. 
A number of years ago, Dr. Schapiro 
reported an incidence of 10 percent of 
duodenal ulcer in patients dying of 
carcinoma of the body of the pancreas, 
associated with jaundice, hepatic metas- 
tases, and obstruction of the bile duct. 
I thought this case of gastric cancer 
might have been assoc iated with he- 
patic insufficiency due to metastases and 
that the duodenal ulcer may have 
arisen secondarily to hepatic damage. 

Chairman Stewart: I might add 


something myself to that. Dr. Abels 
tells us we are just as likely to get 
hepatic insufficiency in patients with 
large-bowel cancer as we are in those 
with gastric cancer. Some years ago, 
we noted on a number of occasions 
patients who had abdominal perineal 
resections for rectal or sigmoidal can- 
cer and who suddenly went out of the 
picture with acute, bleeding ulcers. It 
got to be quite an annoying feature of 
the hospital for a short period, these 
unexpected deaths from acute peptic 
or duodenal ulcer. 

Dr. Schiff: Were those multiple 
ulcers ¢ 

Chairman Stewart: Single. 

Dr. Figge: In connection with the 
paper on liver dysfunction and gastric 
cancer, it is of interest that hepatic 
dysfunction is frequently associated 
with increased urinary porphyrin ex- 
cretion. Have any studies on the por- 
phyrin excretion of patients with gas- 
tric cancer been made? Since Dr. 
Dabvanee is here and since he has done 
a lot of work on hepatic dysfunction 
and excretion of porphyrin, perhaps 
he will be kind enough to discuss this 
subject. 

Dr. Dobriner: We haven't studied this 
phase. 

Dr. Figge: Time does not permit a 
discussion of the recent work on por- 
_ und gastric cancer, but there is 

1 paper that appeared in Europe last 
vear (Miescher. G.. Schweiz. med. 
Wehnschr., 1 : 39-40 (1943) ) in which 
it is press that a great many types 
of cancer patients excrete excess por- 
phyrin. I wonder if this is related 
perhaps coincidentally to a liver dys- 
function or disturbance. 

Dr. Dobriner: 1 know the paper re- 
ferred to. One cannot make any defi- 
nite conclusions because only urinary 
determinations have been made. Con- 
cerning the problem of — eXx- 
cretion by patients with cancer, one 
has to consider ionnelianiie the ques- 
tion of anemia, since a direct correla- 
tion between porphyrin production 
and the production of respiratory pig- 
ments exists. Many of the cancer pa- 
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tients have anemia and different types 
of anemia. I think it would be im- 
practical to attempt to make a general 
statement on this subject. 

Certainly I have seen cancer patients 
who have aplastic anemia and who 
excrete only small amounts of porphy- 
rin, comparable with the low rate of 
production of their respiratory pig- 
ments. I saw patients with gastric 
cancer years ago in Munich in whom 
one couldn’t exclude the diagnosis of 
pernicious anemia. At that time it was 
very difficult. There are undoubtedly 
certain gastric patients who have a 
disturbed porphyrin metabolism, but 
at this time too little work has been 
done to make any statement. 

Dr. Little: To change the subject 
for a moment: From a_ laboratory 
worker’s point of view, the immense 
amount of work and the interest in 
clinical research are evident from a 
conference of this kind. I should like 
to make a plea for attention on the 
part of clinicians to the main points 
which are brought out by work in 
the laboratories, such as that of Dr. 
Strong, and the fact that all stomachs 
aren’t equal and all organs are not equal 
in mixed material, like human beings. 
You clinicians can do a great deal for 
us in this long line of dogmatic spe- 
cialties of which we are all represent- 
atives, if you can attempt to find 
groups of correlations which will give 
leads as to the environmental factors 
which may or may not be separable in 
the etiology of disease of this type. It 
is almost impossible to do this in a 
short-lived laboratory animal. 

Of course, it would be surprising if 
you found a single cause-and-effect re- 
lationship of any kind that would hold 
true for all cases of carcinoma of the 
stomach. The odds are against it be- 
cause of the variation in response. 
Response has been mentioned many 
times by the clinicians today, as for 
example when Dr. Stewart spoke of 
organ susceptibility and the risk of 
the breaking down of these systems. 
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These ideas, I think, are highly sig- 
nificant. Those of us in the laboratory 
need all the attitude of that kind that 
can be developed on the part of clin- 
icians; because in attempting to solve 
interorgan and _ intertissue relation- 
ships, we shall have to count very 
heavily on you. 

One of the examples that we find 
frequently is the attempt to correlate 
ovarian secretion and various manifes- 
tations of carcinoma of the human 
breast. Those results are inconsistent 
from the point of view of the clinic, 
but entirely explicable from the point 
of view of organ and tissue variation due 
to the genetic mixture of which human- 
ity is made. 

Dr. Spencer: I don’t think this con- 
ference should close without giving a 
vote of thanks or at least an expres- 
sion of appreciation of the efforts of 
Dr. George M. Smith, who is the new 
executive director of the National Ad- 
visory Cancer Council, and without 
whose sustaining interest and efforts I 
think this conference could not have 
been possible. 

Chairman Stewart: I was going to 
ask Dr. Smith to close the conference. 

Dr, Smith: It is not necessary at 
the conclusion of this splendid meeting 
to ask for recommendations for new 
problems in experimental gastric can- 
cer, as the work presented today has 
been full of new thoughts and sug- 
gestions to investigators in this impor- 
tant field. Great steps in advance 
have been made since the initial meet- 
ing in 1940. I am amazed at the 
amount of work accomplished in spite 
of the handicaps of the times. I want 
to express my sincere thanks to all for 
coming to the meeting and contrib- 
uting to the discussions. I wish to 
express our gratitude to Dr. Rhoads, 
Dr. Fred Stewart, Dr. Pack, and other 
members of the Memorial Hospital 
staff for their great hospitality which 
has made this meeting possible. 

Chairman Stewart: The meeting is 
adjourned, 











